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CHAPTER 8 FINITE ELEMENT ANALYSIS

8.1 PURPOSE

The material presented in previous chapters has illus-
trated the potential of using STRUDL for the solution of struc-
tural problems. With the use of simple truss or frame members
many structure systems of complicated geometries and loadings can
be modelled and analyzed with reasonable accuracy. However, many
complex two and three dimensional stress distribution systems
simply can't be modeled satisfactorily with members alone. This
modeling deficiency can be corrected with the use of the finite
element capabilities available in the STRUDL systems.

The main purposes of this chapter are:

- to introduce the engineer to the different elements that
are available in the STRUDL system.

- to discuss the basic concepts behind the finite element
method.

- to illustrate the procedures, the pitfalls and the
factors that affect the solution of the problem.

- to learn how to interpret the results of the finite
element outputs.

They will be discussed and illustrated with simple example
problems. The theoretical formulation of the finite element
technique will not be presented. The reader who is interested in
the subject should refer to the references that are listed at the
end of this chapter.

8.2 PREREQUISITE

The basic understandings of the stiffness method of
analysis and familiarity with the STRUDL commands are the
prerequisites for a reasonable understanding of the material
presented.

8.3 GENERAL

Finding a solution for the "real physical" problem is one
of the main functions that an engineer faces. Generally, the
solution procedure can be broken down to three basic steps. These
are 1) mathematical modelling, 2) solution of the model and 3)
interpretation of results.

1) Mathematical Modelling: This is the step where a
"real physical™ problem 1s reduced to a set of mathematical
equations.

The "real physical" problem is generally very complex and
contains many parameters that can affect its solution. In order
to be able to handle the problem, an engineer uses ingenuity and
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basic physical laws to simplify the problem and to derive a mathe-
matical model. This is generally expressed in the form of a dif-
ferential equation. Examples of some of these models are the beam
theory, two dimensional elasticity problems of plane stress and
plane strain, the thin plate theory, and three dimensional
elasticity.

2) Solution of the Model: Once the model is obtained the
next step is the solution of the mathematical equations inherent
in the model. The complexity of the mathematical solution would
depend greatly on the equations which represent the physical
problem. Unfortunately, a more realistic model generally produces
a more difficult set of equations to be solved. Classically, an
engineer tends to derive a simple model with equations that can be
solved analytically. However, engineers have been shifting toward
the approximate numerical solution of equations because of the
recent development of the digital computer. One of these numeri-
cal solution techniques is the finite element method. With the
help of the digital computer and the finite element method, an
engineer can now have a more realistic model of the "real physi-
cal" problem and solve the mathematical equations numerically in
an approximate manner.

3) Interpretation of Results: After a "real physical”
problem has been reduced to a simplified mathematical model and
the equations solved, either analytically or numerically depending
on the complexity of the equation, one has to interpret the
results of the model. The solution of the model is by no means
an exact solution of the "real physical" problem. The accuracy
of the results would greatly depend on the validity of the assump-
tions made in the modelling process and the accuracy of the
numerical solution of the model. These factors must be care-
fully evaluated before the results can be used. Generally, this
is the step that most engineers overlook.

Figure 8.3.1 presents a flowchart that describes the
procedure needed for the solution of a "real physical" problem.

8.4 THE FINITE ELEMENT METHOD

As discussed in the previous section, the finite element
method is a general numerical technique used to solve a variety of
mathematical equations of structural models in an approximate
manner.

Structural engineers are interested in the effect of
deformations, stresses, strains, etc. distributed on a structure.
The effect of displacement depends on the forces applied to the
structure or vice versa. The finite element procedure can be
formulated in terms of displacement or force or a combination of
both displacement and force as its primary unknown variable.

STRUDL uses displacement, and this is known as a displacement
formulation.
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The unknown displacement on a structure is described
continuously at any point of the structure. Hence, the problem
is one of an infinite number of unknowns. The finite element
procedure would reduce the problem to one of a finite number of
unknowns. This is done by dividing the structure into a suitable
number of smaller regions known as elements and expressing the
unknown displacements on the nodes of the boundary of the
elements. These nodal displacement unknowns then become the
primary unknowns of the problem. Meanwhile, the unknown
displacements inside of each element are approximated using
an interpolation function (generally, a low order polynomial)
expressed in terms of the nodal displacement.

Hence, the basic idea behind the finite element method is
to replace the structural model with an assemblage of a finite
number of elements which are interconnected at their nodal points.
(See Fig. 8.4.1.)

( ) element

node

(a) (b)

Fig. 8.4.1 (a) Continuous structural model.
(b) Finite element model.

The major advantage of this method is that it only takes
one formulation for the development of the element. Once the
element is developed, this can be used over and over to assemble
the whole region of the problem approximating complicated
geometry, loading and material properties.

The element can be one, two or three dimensional, with
different geometrical shapes, different order of interpolation
functions, different number of unknowns per node, and designed
for application in the solution of different types of mathemat-
ical models (structural problems). Table 1 presents a summary
of elements that are currently available in the STRUDL library.
A more detailed description of these elements are given in the
STRUDL user manual appendix, section G.
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TABLE I, SUMMARY OF ELEMENTS THAT ARE CURRENTLY
AVAILABLE IN THE STRUDL LIBRARY

ELEMENT NO. OF GENERAL | ELEMENT |TEMPERATURE|CONSISTENT( LUMPED QUTPUT RESULTS
NAME SHAPE NOhES D. 0. F.| RIGIDITY | LOAD LOAD INERTIA | INERTIA | qguTPUT RESULTS
- MATRIX |CAPABILITY | CAPABILITY { MATRIX { MATRIX | LOCATION | AVAILABLE
CST6 D 3 vy, X ©) X X Centroid | ABC FG |
PSR D o |y, ® X X Centroid | ABC FG |
IpLa D 4 U, X ® X X Nodes 8 G 1
hd u,u X Centroid 8 G 1
g | U 11 | uy wo
[
=
= | LT A s | vy, X X @ Nodes | AB  FG I
=
<
<
=1 LSR 8 v, X X Nodes B Gl
g [ I 1
T u
- | 1PQQ 8 | Yy, X ® X X Nodes B G
%
=
E iPca m 2|y, X ® X X Nodes B G
=
3
a.
PSRCSH D 4 Uy, X X Centroid | ABC  FG |
IPLOCSH D ¢ vy, X ® X X Nodes B G
PSRR D 4 Uy ug Nodes J
Uy @ @ Nodes D HI
cPT ZCS 3 Uy X X X
% ¥R Centroid E
=
i
= | BPR s |Yuu X ) 0) X X Nodes DE HI
=1 | R DO
=
[=]
é BPP D e U, X ©0) @ X X Nodes DE HI
=
< Nodes D HI
= | pear® D PR RS 0) ® — -
enfroi

*Not recommended because of efficiency

o
|
[9}]
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CONT. OF TABLE I

ELEMENT IND. OF GENERAL | ELEMENT | TEMPERATURE |CONSISTENT| LUMPED OUTPUT RESULTS
NAME SHAPE NO-DES 0. 0. F.| RIGIDITY | LODAD LOAD INERTIA | INERTIA | qutpyT RESULTS
MATRIX | CAPABILITY | CAPABILITY | MATRIX | MATRIX | LOCATION | AVAILABLE
U,y Nodes D HI
v | SBCT A I P ® @ ® X X
= iag] . Centroid AB EFG
= u.,u_u,
= | pBST2 A 3 LI A ® ® ®® X Centroid | ABCDEFGH
& U U,
] u,.u_uU
Z | pBSa2 D ¢ ui,uz,u: ® 0 ®® X Centroid | ABCDEFGH !
TRIP 6 |YrlYs X ® M X Nodes B 6
2
iV
% IPLS E’ 8 YUY X ©) X X Nodes B G
b
21 was @ 20 “,'”2'“3 X ® X X Nodes 8 G
a
IPLSCSH @ I X ©) X X Nodes B 6
- Uy, Ug U
=l 1.Y2:Y3 Nodes
é:;.% SIP 0 8 afp @ X X Gauss Pts. ABCDEFG
Q=
§E SIPC Up Uz, Uy X X Nodes BCDEF
a 12 a:B ® Gauss Prs. ABCDEFG
@ SURFACE FORCE (pressure) normal to the element plane only. A Principal Stresses
@ SURFACE FORCE (pressure) normal to and in the element plane. B Normal Stresses
@ JOINT TEMPERATURE CHANGE only (Section 7.1.2.3) C Stress Resultants
@ JOINT TEMPERATURE GRADIENT only (Section 7.1.2.3) D Stress Couples
@ JOINT TEMPERATURE CHANGE and GRADIENT (Section 7.1.2.3) E Tranverse Shears
@ Element temperature rise and element temperature differential (Section 7.1.2.2) F Principal Strains
@ Zero inertia at the comer nodes. G In-Ptane Strains
When consistent is requested, lumped is provided along with warning message. H Curvatures
Small rotatory inertia terms are added to avoid zeros inthe inertia matrix. | Stress/Strain Contour Plots
@ Unique matrices for plane stress and plate bending rigidities are not available. J Forces and Moments
Uniform or variable PRESSURE load on element faces {Section 7.1.4.2),
DEAD LOAD (Section 7.1.3.6), and CENTRIFUGAL LOAD (Section 7.1.4.5).
® JOINT TEMPERATURE CHANGE and JOINT TEMPERATURE GRADIENT Z LOCAL only.

U = x translation

Uy =y translation

Ug = 2 translation

Uy = x rotation

Ug = y rotation

Ug = 2 rotation

a. 3 = rotations about nodal local axes
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In general, there may be several different elements
designed for the solution of the same type of problem. For
example, elements 'CPT,' 'BPR,' 'BPP' and 'PBQ1' are all designed
for the solution of the plate bending problem. The selection of
the appropriate element for a given type of problem would depend
on the geometry, the loading, the expected physical behavior and
the degree of accuracy required.

8.5 PROBLEMS INHERENT IN THE FINITE ELEMENT METHOD

As an approximate method of solution the finite element
technique possesses some unique problems. These problems, which
will be discussed briefly in this section and later illustrated
with examples, are: 1) discretization of the geometry, 2) element
aspect ratio, 3) compatibility at element interfaces, 4) element
asymmetry and 5) incompatibility of stresses.

8.5.1 Discretization of the Geometry

The characteristic procedure of the finite element
technique which reduces the infinite number of unknowns in the
region of the problem to a finite number of nodal unknowns is
known as discretization. This is accomplished by assembling the
whole region of the problem with a suitable number of smaller
regions known as elements.

The process of discretization is one of the first problems
that a user encounters. The immediate questions that one might
ask are: how many elements are considered to be suitable, what
shape of element must one use, where should the nodes be located,

and what order of displacement interpolation function would be
appropriate?

The accuracy of the finite element method greatly depends
on the number of elements and the order of the displacement inter-
polation function. As a general rule, the greater the number of
elements that is in a problem the better the accuracy of the solu-
tion, and the higher the order of the displacement interpolation
function that exists in an element the less the number of .elements
that have to be used to achieve an accurate solution. The
objective is to divide the model into small enough elements so
that the relatively simple displacement interpolation function of
the element can adequately approximate the deformation of the
structure.
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The selection of the element shape would greatly depend on
the geometry of the problem. However, quadrilateral elements
should be used whenever possible, except where triangular elements
are needed to accommodate a grid refinement or because of the
structure geometry.

The location of the nodes defines the element layout (mesh
layout). This layout should be kept as close to uniform as
possible. Nodes should be located at positions where there are
abrupt changes in loading, geometry and material and at points
where results are wanted.

The numbering of the node is not very critical in STRUDL
as long as the user makes use of the internal renumbering command
[REDUCE BAND]. However, the bandwidth of the system can be
minimized by numbering the nodes along the shortest dimension.
The idea is to minimize the difference in the number of the
diagonal nodes of each element.

——t—
element C) C) For this case, the max.
7 8 9 difference between
diagonal for each element

C) C) is 4.

4 S 6
C) C) Example: element 6 12-8 = 4

2 3

——» shortest dimension

and
4 |
® | ® |
3 7 1l The max. number difference
between diagonal for each
® | 6 element is 5.
2 6 10
Example: element 6 12-7 = 5
ORNC,
| 5 9

Therefore, the first case provided a smaller bandwidth.
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8.5.2. Element Aspect Ratio

The aspect ratio is defined as the ratio of the largest
dimension to the smallest of an element. Aspect ratio affects the
accuracy of the solution. Generally, elements with aspect ratios
near unity provide better accuracy and accuracy decreases as the
element aspect ratio increases. As a general rule, aspect ratio
should be kept below ten. Also the included angle between adja-
cent side of elements should not vary greatly from the 90° for the
quadrilateral and 60° for the triangular element. 1In critical
areas, this variation should be limited to + 20° and in
noncritical areas to + 40°

8.5.3 Compatibility at Element Interface

The variation of the unknown displacement along the bound-
aries and inside of an element is defined by an interpolation
function expressed in terms of the nodal values. For a linear
1nterpolatlon element the displacement along the boundary, between
the nodes, is linear. Similarly, a quadratic interpolation ele-
ment has its boundary displacement parabolic between the nodes.
Figure 8.5.1 illustrates an example of the plane stress element.

The displacement is The displacement is
linear between the nodes. parabolic between nodes.
X X
a) Linear interpolation element b) Quadratic interpolation
element

Figure 8.5.1
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The unknown nodal displacement value is always compatible
for a displacement formulation finite element procedure. This
means the displacement at a node is the same for all elements that
are connected to it. However, along the interface of the elements
incompatibility might occur if elements of different interpolation
functions are used.

Suppose two linear interpolation plane stress elements and
one quadratic interpolation element are formed as shown in Figure
8.4.3.

Y node ?%ement§ l andlZ
inear interpola-
( //aemem tion elements
: 8
B
2 S @ Element 3 is a
quadratic inter-
® polation element.
4 7
X

Figure 8.4.3

The nodal displacement for joints 4, 5 and 6 will be
compatible. But, along the interface in the line from joints 4 to
6 incompatibility is introduced.

from the quadratic inter-

a ////— polation elements

\
from the
linear interp. S
element //
6 BN
gaps introduced due to
interface incompatibility

The result of this interface incompatibility is the gap or
overlap introduced along the interface boundary. This in turn
causes inaccuracy in the solution. Hence, to maintain compati-
bility along an element interface, elements with the same
displacement interpolation function must be used.
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8.5.4 Element Asymmetry

The triangular element possesses a unique asymmetry effect
which is proportional to its aspect ratio. This problem should be
considered when models are created using triangular elements in
order to minimize or eliminate its effect.

Figure 8.5.2 shows three models of a plate using the same
number of elements and nodal points. Model A and B will produce
unsymmetrical results for symmetrical models because the element
asymmetries are cumulative, in these cases along the diagonals.
Model C, on the other hand, will produce symmetrical results since
the element asymmetries tend to cancel one another.

Model A Model B Model C
Figure 8.5.2 Element Asymmetry
The effect of the element asymmetries are more pronounced
for the plate bending element. Therefore, special consideration
must be taken when triangular plate bending or hybrid elements are
used.

8.5.5 Incompatibility of Stresses

The STRUDL Finite Element is based on the displacement
formulation, i.e., the nodal displacement is the primary unknown
of the problem. The strain and stress within the problem are
approximated and the predicted results at a node are generally not
compatible. Hence, internal static equilibrium is not generally
satisfied. However, the model displacement is always compatible.

8.6 COORDINATE SYSTEMS

The STRUDL Finite Element uses three different systems of
coordinates. These are Global, Local and Planar coordinates
systems.
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8.6.1 Global Coordinate Systems

This coordinate system defines the overall structure. It
is defined by the user and chosen in such a way that the major
axes coincide with some of the major dimensions of the structure.
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8.6.2 Element Local Coordinate System

This coordinate system is used to determine the planar
coordinates. A local coordinate system is associated with each
element. The element incidences and the node locations uniquely
define the local coordinate.

The local Xy, axis for an element is defined from the
first node of the given element incidences to the second node
given. The local 27, axis is formed by applying the right-hand
rule to the nodes given with the element incidences. The local
Yy, axis is determined by applying the vector cross product of
2, cross Xp,.

Zg Y =Z cross X
The element incidence I
is going in counter- 2
z clockwise sense,
L ) applying the right
hand rule. l
| -—
/ YG
From the first node
right hand rule 3 —=— X, ((‘_;))fo the second node
of the element
incidence.

XG

Element incidence is 4312
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8.6.3 Element Planar Coordinate System

All elements in STRUDL except the tridimensional ones have
their stress output in terms of the planar coordinates. The
determination of this coordinate system depends on the local and
global coordinates.

In general;

- the planar 2, axis is the same as the local Z; axis.
(i.e., paral?el and in the same positive direction)

- the planar X, axis coincides with the intersection of
the element plane and the global XgYs; plane.

- the positive direction of X, is such that its
projection onto the global positive Xg is positive,
except

- the projection of the planar X, axis onto the global
Y~ axis is defined to be posit?ve in the same
direction as the global Yg axis.

- the planar Yp axis is determined by applying Zp
cross Xp.
YP'-"Z xx

px%p

126

////,element plane
Xp=1Z_

= —p

al
/ / / Intersection line of element

pd plane with XgYg plane
defines the Xp axis -
X
6 X

g Yg plane

Above procedures uniquely define the planar coordinate
system except when Zj or Z, lies in or is parallel to the
Global Xg Zg plane, then Xp = Yg and Yp = Zp cross Xp,

8-14
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Example:
Element incidence 4 3 2 1
} %6
) YP=ZpxXp
|
2 1
|
right hand rule yd —-YG
e
to determine yd
Zp from — oy
4 676
element incidence r) 4 3

=7 Zp is parallel or on the Xg Zg plane
ZL = 2p but Zp is not parallel to Zg

Xg

Another exception is that when Z; or Zp lies in or is
parallel to the Global XgZg plane and Zp becomes parallel to
Zg, then X, = Xg and Y, = Zp cross Xp

4 = 3

. ' Yz =2p Zp is parallel or on the
Since Zp is parallel to XgZg plane,and Zp is
2G, then Xp = Xg parallel to Zg

Xg

For Element incidence in 3421

8-15
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8.7 GENERAL STEPS NEEDED TO MODEL A PROBLEM USING STRUDL

In section 8.3 the typical engineering solution procedure
to a "real physical" problem is discussed. In this section the
application of the procedure to STRUDL coding is presented using
the flowchart of Figure 8.3.1.

1) Select Mathematical Model and Initialize the Problem

Given the "real physical" problem the engineer has to
decide what available engineering theories would best describe the
problem. The selection of the type of mathematical structural
model is described with the TYPE command. For the finite element
analysis, STRUDL has elements for five types of models. These are
plane stress, plane strain, plate bending, plate (shell) and three
dimensional elasticity.

The following list of STRUDL commands is generally used in
this step. The user should refer to the STRUDL user manual for
the syntax of each command. The list by no means is a final one.

[STRUDL]

[UNIT]
[TYPE]

2) Discretize the Geometry and Select Elements

Once the type of mathematical model is chosen the next
step is the solution of the model. For the finite element method
the user has to discretize the geometry and select an appropriate
element from the STRUDL library. The information of Section 8.5.1
would help. The user has to decide the mesh layout, element
interpolation function, location of nodes, etc.

[MESH COORDINATES]
[MESH INCIDENCES]
[ELEMENT PROPERTIES]
[CONSTANTS]

3) Boundary Conditions

In order to solve a unique problem the user has to specify
the boundary conditions. The commands [SUPPORT JOINTS] and [JOINT
RELEASES] are used in this step.
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4) Loading

In this step the applied loads are input. There might be

joint loads, element loads and joint displacements. The STRUDL
commands

[LOADING]

[JOINT LOADS]

[JOINT DISPLACEMENT]
[ELEMENT LOADS]

are used in this step.

5) Check input

Before the execution of the problem, the geometry,
boundary conditions and loadings of the problem should be checked
with the STRUDL commands

[PRINT] and [PLOT].

6) Assemble and Solve

Once the data is checked to be correct, the problem can be
executed with the STRUDL command of

[STIFFNESS ANALYSIS REDUCE BAND]

7) Print Output and Interpretation of Results

The output of STRUDL run can be listed in many forms. The
options [PRINT]
[LIST]
and [PLOT] are available.

The interpretation of the results is the hardest of all
steps. The user must remember the element output location, the
coordinate system used and also the units.

Since the finite element method is only an approximate
solution of the mathematical equation, the accuracy of the
solution is greatly affected by the number and order of the
interpolation function used in the analysis. These and other
factors discussed in Section 8.5 should be considered before a
final judgment on the results is made.



BRIDGE STRUDL MANUAL February 1983

GENERAL STEPS NEEDED TO MODEL A PROBLEM USING STRUDL

1)

2)

3)

4)

5)

6)
7)

8.8

Select Mathematical Model

- determine the mathematical model that would best describe
the physical problem. [TYPE]

Discretize the Geometry and Select Elements

- how many elements Mesh layout MESH COORD

- location of nodes MESH INCIDENCE
A I:l Q ELEMENT PROP

- shape of elements CONST

-’

unknown function within the element {Linear, quadratic
cubic, etc.

Boundary Conditions [SUPPORT]
[RELEASES]

Loading
[LOADING]

~ element loads depend on unknown [JOINT LOAD]

function of the element [JOINT DISPL]

[ELEMENT LOAD]

Check Input [PRINT]

' [PLOT]
Assemble and Solve [STIFFNESS ANALYSIS]

Print Output and Interpretation of Results

[LIST]
[PLOT]
PLANE STRESS/PLANE STRAIN ELEMENTS

These elements are used to model two dimensional

elasticity problems. That is problem with geometry and loading
that can be described with only two independent coordinates.
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8.8.1 Plane Stress Element is used to model thin plate that is
free to move 1n the direction normal to the plane of the plate.

Example: A flat plate subjected to in-plane loading.

”{ ®
) /(1 These surfaces are
‘\\\_i_// free to move

O

® Section A-A

8.8.2 Plane Strain Element is generally used to model a thin cut
‘Section of a very long solid structure, such as concrete dams or
walls, whose geometry and locading are constants along the longest
dimension. Plane strain element is not allowed to move in the
normal direction of the element's plane.

Example: /// ///
avs
v L/

unit slice of the dam to
be modeled by plane
strain element. Due to
symmetry, the element is
not allowed to move in
Dam, of constants geometry the normal direction of
and hydrostatic loading. the element's plane.
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8.8.3 Elements in STRUDL

There are a total of eleven types of element for the
solution of plane stress or plane strain model (Table 1). The
detailed description of each element type is given in Section G.2
of STRUDL user manual Appendix.

The plane stress or plane strain elements presented in
Table 1 are arranged according to the order of the displacement
interpolation function. For the linear displacement interpolation
function elements there is the triangular element 'CSTG,' the
rectangular element 'PSR' and the quadrilateral element 'IPLQ,'
the 'PSRR' element is similar to the 'PSR' but includes an
additional uncoupled third degree of freedom, which represents
the effect of the in-plane rotational rigidity.

For the quadratic displacement interpolation function
glements, the triangular element is 'LST,' the rectangular element
is 'LSR' and the quadrilateral element is 'IPQQ.'

) The element 'IPCQ' is the isoparametric quadrilateral
cubic displacement interpolation function element.

Additionally, there are the 'PSRCSH' and 'IPLQCSH,'
constant shear linear rectangular and quadrilateral elements.
These elements are designed for use with flexure (bending) problem
and keeping the displacement interpolation function linear.

In general, the rectangular elements are more efficient
than the quadrilateral ones; however, their usages are restricted
to rectangular geometrical region.

The isoparametric elements, 'IPLQ,' 'IPQQ' and 'IPCQ'
are very accurate and efficient and can be used for general
geometrical region shape. The variation of the boundary (i.e.,
the shape of the element) for an isoparametric element is the same
as the variation in the displacement interpolation function. This
means that 'IPQQ' and 'IPCQ' elements can also be used to model
curved boundaries region. Because of the flexibility and
efficiency of the isoparametric elements, they should be used
whenever possible.
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8.8.4 Illustration

" A simply supported beam under uniform load is used to
illustrate the application of the STRUDL finite element

capabilities. The steps presented in Section 8.7 will be used
here.

A simply supported beam under uniform load.

Finds 4 - Deflection at the center of span
* |- Stress at the guarter span

E = 4320000 KSF; v = 0.3, W = 1 K/Ft

The beam solution (beam theory) of this problem is

shear diagram
10K l/

375K-Ft moment diagram
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Deflection at center of span: 8 = - 5 4
384 EI
=- 5 (1)(20)4
384 T(4320000)(1/23)

Moment at quarter span: M = 37.5 Ft.-K

_ My _ 37.5 _
The stress o-max = —%- = m— (0.5) = 1450 KSF

Notice, the solution of this problem is symmetrical with
respect to the center of span.

To solve this problem using STRUDL/FINITE ELEMENT, the
steps outlined in Section 8.7 are followed:

1) 1Initialize and Select Mathematical Model:

This problem can be modeled as a plane stress problem.
That is the beam and the loading can be described with only 2
independent coordinates; and the plane formed by the beam is
allowed to move in the direction perpendicular to the plane.

Hence, the following STRUDL commands initialize and
describe the type of problem.

STRUDL 'A2' 'two elements'
UNIT KIP FEET
TYPE PLANE STRESS

The STRUDL command of TYPE PLANE STRESS will specify the
type of mathematical model used in the analysis. The syntax of
this command is explained in Section 6.1 of STRUDL user manual.

2) Discretize the Geometry and Select Element:

After the type of problem is defined, now the user has to
decide how to discretize the geometry and what element to use.

Before starting the discretization, the user should study
the problem and see if there is any particular simplification.
For this case, because of the geometry and loading symmetries,
only half of the problem needs to be solved.
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The selection of element depends on what is available
in the STRUDL Library. For plane stress problem, there are a
total of eleven different types of elements. As discussed in
Section 8.8.3, let's use the isoparametric linear quadrilateral
'IPLQ' for this problem.

The number of elements and the location of nodes are
harder to decide. The problem asks for displacement at the center
span and stresses at the quarter span; hence, it is wiser to put

nodes at those points since the 'IPLQ' element gives output at the
nodes.

Therefore, let's use the following mesh layout.

Yg element number
(// »—node number
3 15 27
O) @
1 i3 25 = X6

The following command can describe the location of joints
with respect to the global coordinates.

MESH COORDINATES
1 TO 25 BY 12 X 0. INCR 5. Y 0.
3 TO 27 BY 12 X 0. INCR 5. Y 1.

The explanation of the MESH COORD. command is explained in
Section 6.2.3 of STRUDL user manual.

The element incidences description depends on the type of
element used. 1In general, for elements having only corner joints,
the joints are listed consecutively around the lement boundary,
starting at an arbitrary joint. For elements having side joints,
the corner joints are listed first and then the side joints. The
relative joint numbering schemes are shown on next page.
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2 3 2 6 3
2
5 7
I $ ! 4
3 | 8
2 4 0 9 3
5 4 ] 8
12 7
3 6 ] | 2
5 6
Triangular Elements Quadrilateral Elements

For this example, and using MESH INCIDENCES of
Section 6.2.3 of STRUDL user manual, we have

MESH INCIDENCES
1,2 /1,13 / 13,25 / 15,27 / 3,15

The material properties and type of element are defined by
the following STRUDL commands.
ELEMENT PROPERTIES

1 2 TYPE 'IPLQ' THICKNESS 0.5
CONSTANTS

E 4320000. ALL

POISSON 0.3 ALL

G 1660000 ALL

3) Boundary Conditions:

For this particular problem, a line of symmetry is
presented along joints 1 to 3; hence, for joint 1 and 3
displacement X is zero, while force in the global Y direction
(shear force) is zero. At joint 25 a roller is presented. The
following STRUDL commands are used to describe the boundary
conditions.

SUPPORT JOINTS 1,3,25
JOINT 1,3 RELEASE FORCE Y

JOINT 25 RELEASE FORCE X
4) Loading:

The loading definition, joint load and joint displacement
are the same as discussed in previous chapters.

The plane stress and plane strain elements do not generate
internal joint loads from the surface forces acting on their
exterior boundaries or surfaces. Hence, the user must convert
these surface forces into consistent element joint loads.

8-24
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The joint loads depend on the form of the assumed
displacement interpolation function. Let Py, P3,... be the

equivalent joint loads for each element and Py, Py,... be the
load intensities. The following formulas are used to determine the
appropriate consistent equivalent joint loads.

a) Linear displacement interpolation function (CSTG,
PSR, PSRR, IPLQ, IPLQCSH, PSRCSH)

P 5| p,|_ (Simple beam
Po[~ end reactions)

.
) P>

b) Quadratic displacement interpolation function
(LST, LSR, IPQQ)

I - P p.] (4 2 -1 (7]
/72 — L
Pa [ P :ﬁz 4P2}=§U 2 16 2 {ﬁzr
172 _q7/ p 1 5 4 —
1 - -
P3 ‘ i P3 L3J - 4 N 3J

c) Cubic displacement expansion (IPLQ)

P *_‘PI
1/3
P3—ip \_3

/3 —\_
Pa [ = Pq
/3 Em—
P2 1 =_:52
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Pq F0.0762 0.0113 0.0589 -0.0214 ?1
P2L 0.0113 0.0762 -0.0214 0.0589 52
LI |
P3 0.0589 -0.0214 0.3857 -0.0482 { ?3
Py -0.0214 0.0589 -0.0482 0.3857 ?4
\ g e - \ S

For this example, W = 1 K/Ft., and for 'IPLQ'

' 2.5 2.5
Element | W=1K/Ft. l K l K
l— 5 —=]
Simple beam reaction: 1 K * 2 Ft. = 2 K = 2.5 K
) Ft. 2 ° 2 :

Same for element 2, hence, the total applied joints
loads are:

235 2.5+2.5 25

Hence, the following STRUDL commands are used to input the
loading.

LOADING 1 'UNIFORM LOAD'
JOINT 3 27 LOAD FORCE Y -2.5
JOINT 15 LOAD FORCE Y -5

5) Check Input

Before executing the problem, the geometry, boundary
conditions and loading should be checked. This can be done with
the PRINT and PLOTTING commands of STRUDL.

6) Assemble & Solve

Once the inputs are checked, the model can be analyzed.
This is done by using the [STIFFNESS ANALYSIS] command.
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7) Print Output and Interpretation of Results

The output available for the plane stress and plane strain

elements consists of the stress and strain components referred to
the planar coordinates.

The positive sign convention for stress and strain is as
follows.

Syy
Yo I
Sxy
S Sxy
XX t s
Sxy
SXYl

Syy

Xp

As discussed in Section 8.6, the planar coordinate is
defined by the local coordinate which in turn depends on the
element incidences and the Global coord.

For this example, element 1 has incidences of 1 13 15 3

Y,
lG

2

X6

hence, the local coordinate Xy, is from joint 1 to 13, applying
the right hand rule the 2y, is the same as the Zg, finally by
operating 2y, cross X[, the YL is obtained.

\(}
Y
G} 3 5
IzL 13 XL
ZG XG

8-27
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The planar coordinate Zp is equal to 2y, and since
Zp is parallel to 2zg, then Xp is the same as Xg, and
Yp = Zp x Xp
YG ‘ TYP

3 5

I |

For this example, the planar coordinate coincides with the
global coordinate.

Following is the computer output which includes the
printout, and listing of stresses and displacements.

8-28
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Output of Stresses

Y
'

~

Along Section A-A: The normal stress Syy and shear
stress Sy,, are present; however, S does not come in.
Following™ the positive stress sign” convention.

Yp
-89 55.1
l -53.4 <217
5 5
0) ®
131 54,3 <=24A|l3
-893 55.7

As explained in Section 8.5.5, internal equilibrium of
stresses is not generally satisfied in the finite element

analysis. 1In order to obtain a nodal stress value an average
scheme is used.

Hence, for joint 15 the average normal stress Sy, is

Syx.. = —23:4 - 21.7 = _-37.55 KSF
15 2

Similary for joint 13

s = 54.3 + 24.4 - 39_.4 KSF
XX13 ‘
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The shear stresses, Sxy are
s = 289.1 + 55.1 = -17.0 KSF
X¥15 >
S = -8903 + 55‘7 = _17.0 KSF
X¥13 >

Along Section B-B the normal stress is S_,.,, and the
shear stress 1s Sxy' The stress, S is not preggnt
along this face.

XX

\Yp
-18.1 -|5.3 -58 -149
|9&3 LﬁBS T5ﬁi l-257
3 15 5 27

Average nodal stresses:

S = —18‘1’ S - —15-3 - 5.8
Y¥3 ¥¥15 2

-10.6, S

S = 9903’ S = _8903 + 55.1 = _17.1, S
XY, XY, s >

Displacement Output:

The displacements are output at the joint in terms of the
global coordinates.

At joint 1 displacement y

-0.0010331 ft

At joint 3 displacement y -0.0010335 ft
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Comparison of Results

The results from this example of using 2 'IPLQ' elements
do not compare well with the beam theory solution. The table
below shows the percent differences.

2 IPLQ Beam Theory 3
Displ.
@ Joint 1 0.001033" 0.0116" 91
Max stress
@ Joint 1 37.6 KSF 450 KSF 92
Sxx

This means that the finite element solution is around 90
percent off the beam theory solution.

There might be several reasons for this inaccuracy. First
of all, more elements probably should be used in order to better
approximate the problem. Secondly, a higher order displacement
interpolation function element might provide a more accurate
answer.

In order to check this, several runs with a different mesh
layout and different order of elements are executed. Figure
8.8.4.1 shows the mesh layout that was considered.

The 'IPLQ' and 'IPLQCSH' elements were used for the mesh
layout 'At1,' 'Aa2,' 'A4,' 'A8,' 'B2,' 'B4' and 'B8.' While the
quadratic element 'IPQQ' was applied to the 'A1,' 'A2,' 'A4' and
'AB' mesh layout. Only the 'A1' mesh layout is used for the
'IPCQ' cubic element.

The results of all these runs are summarized in Table
8.8.4.2. Also a plot of the % of beam theoretical deflection at

center of span vs. the number of elements used is shown in Figure
8.8.4.3.
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Mesh layout used for the example of S.S. beam. (Due to
symmetry, only half of the beam needs to be discretized.)

W

27

| uAl n 25

for IDLQ, IPLQCSH, IPQQ, IPCQ

(§V]

15 27

3 27
2 26
! 13 25 | 25
IIA2II "82"
for IPLQ, IPLQCSH, IPQQ for IPLQ, IPLQCSH
3 9 5 2 27 3 15 27
| 2 14 26
| 7 13 1S 25 l [ I 25
IIA4II IIB4II
for IPLQ, IPLQCSH, IPQQ for IPLQ, IPLQCSH
3 6 9 12 15 182 24 27 3 9 15 2l 27
o———8 —t14 foo——26
I 4 7 10 13 16 19 22 25 | 7 13 19 25
llAsll "88"
for IPLQ, IPLQCSH, IPQQ for IPLQ, IPLQCSH

Figures 8.8.4.1
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—"IrPLQ’ —.—"IPQQ
— —— 'IPLQCSH' ® 'tpca’
: ' [P
A4 A8
100 t+ ® . . . . .
lAli 'A.Z/""'_—_ )80
7 ‘A4’ — a8
0r /;—;—/
] [] [} 1]
o A2 — B4
o} ‘Al //
(CA /
- / /
° 70'r
/
- ' 8.
S 6 A
©
o
5 o5
o
2
e 4or
o
[-}]
L0
“5 30 -
o\o g
20 -
10
0 9

Number of elements

Figure 8.8.4.3: Plot of % of beam theoretical deflection @
center-line vs. number of elements
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The following observations can be drawn from the results
obtained from the simply supported beam problem.

1) Increasing the number of elements in a solution does
not always improve the answer. For example, from grid 'Al1' to

'B2' by doubling the number of elements the element aspect ratio
is also doubled.

2) The mesh layout that contains elements with high
aspect ratio may give grossly inaccurate results.

3) A large number of elements must be used for the
flexure (bending) problem when the linear displacement

interpolation function element is used in order to achieve an
accurate solution.

4) The special element, 'IPLQCSH,' which has a linear
interpolation function worked very well for the bending problem.

5) The quadratic element, 'IPQQ' provides a very good
answer even with very few elements.

6) For the cubic displacement interpolation function

element 'IPCQ,' only 1 element is needed to achieve the exact
solution.

The following are the listing and outputs of some of the
STRUDL runs for the simply supported beam problem, using the

'IPLQ,' 'IPLQCSH,' 'IPQQ' and 'IPCQ' elements for different mesh
layouts.
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Case 1: For the 'IPLQCSH' element, and mesh 'a4.'

25 25 25
125 125
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Case 2: Using 'IPQQ' element and mesh 'A2.'
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Case 3: For the 'IPCQ' element and mesh 'A1'’

375 375
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p 7 08
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8.9 PLATE BENDING ELEMENT

The plate bending element is used to model the bending
effects of an elastic thin plate due to a locad applied normal to
the plane of the plate. (Figure 8.9.1)

The basic assumptions used for the development of the thin
plate theory are:

- small deformation problem

- linear elastic material

- neglect transverse shear deformation, i.e., plane
remains plane after deformation.

Hence, the accuracy of this model to represent an actual
physical problem will depend on the validity of the assumptions
made. The reader who is interested in the theoretical foundation
of the plate bending theory might refer to "Theory of Plate and
Shell" by Timoshenko.

| r
57 — FED
Z 2L L7
- (a) 4

(b)

Figure 8.9.1

a) A plate bending problem, where loads are applied normal to
the plane of the plate, b) a finite element idealization.

Many plate bending elements are available in the STRUDL
library. These are the 'CPT' which is a triangular element, the
'BPR' a rectangular element, the 'BPP' a parallelogram element
useful for skew plate and the 'PBQ1' which is a quadrilateral
element formed by overlaying four 'CPT' triangular elements.
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Each node of above elements contains three degrees
of freedom, two inplane rotations (U4 and Us5) and the
displacement normal to the plane (U3),

U3 = displacement normal to the plane of the plate

U4 and U5 = rotations in_the two major axis that
define the plane of the plate.

8.9.1 Convention for Output Results (Page G.24 to G.25)

The plate bending element provides the following output at
the element middle surface with reference to the element planar
coordinates system:

gxx } Bending moment per unit length
Yy

Mxy Twisting moment per unit length

gx } Transverse shear force per unit length
y
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Positive Moment Sign Convention

Myy

. $

AP —Myy

Mxx
Mxy ? Mxy
My x
Myy—">
fw
Zp%- X Xp

Positive Transverse Shear Force Sign Convention

P o
® Up, out of the plane
of the paper
Vx® OVvx
(DVY
® Down, going in the
plane of the paper
Zob o Z
P® > <P

Positive bending moments produce tension on the upper
surface; positive shears are up on the positive faces, and
positive torsional moments produces forces at the upper surface in
the direction of the positive planar axis.
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8.9.2 Obtaining Stresses from Moment and Shear

12 Myy Zp
h3

(e =

2
Tz = —E-Vx [1 (2ZP }
2h h
XZmax 2h
2
3 272
T = __V 1 - P
yz o 7 [ (=) ]
T _*r3 vy Xp y
Yzmax 2h P

Note: =-h/2 < Zp < h/2

and h = thickness of the plate
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8.9.3 Effect of Element Asymmetry

As discussed in Section 8.5, the triangular element
possesses a unique problem of asymmetry. This will be illustrated
with a simple plate bending problem.

Let's consider a square clamped plate under uniform

load w.
/ h;fhickness

/L L

1 - w (w = 2
Y, ¥ w 0.15 k/ft
/ % h =0.13"
/| % ;

/ § E = 432000 KSF
///////’ (N = 0.3

— |0' —

The 'CPT' triangular element is used, and the following
discretization patterns 'T1' and 'T2' are used to illustrate the
asymmetry effect. In order to demonstrate that a rectangular
element does not possess the asymmetry problem, a run with the
'BPR' element and discretization pattern 'T3' is also presented.

21 22 23 24 25 2 22 23 24 26 21 22 23 24 25
16K B2 120 16 L 1Bl Noo e 19 159
I 15 n 5 T T
6 KL 17288 1 6 KL S N io [y - 3o
2,3 4 5 2 3 4 5 2 3 4 5
Tl T2 T3

Figure 8.9.3.1

The steps presented in Section 8.7 are used to code the
pattern 'T1.'
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Stegs

1) Select Mathematical Model and Initialize

The type of mathematical model that best describes this
plate with load applied normal to the plane of the plate is the
plate bending theory. The following STRUDL commands initialize
and define the type of problem.

STRUDL 'T1' '32 Elements'
UNIT FEET KIPS
TYPE PLATE BENDING

2) Discretize the geometry and select element

The discretization pattern 'T1' shown in Figure 8.9.3.1
and element type 'CPT' are used. The following STRUDL commands
were used.

MESH COORDINATES
1 TO 5 X 0. INCR 2.5 Y O.
6 TO 10 X 0. INCR 2.5 Y 2.5
11 TO 15 X 0. INCR 2.5 Y 5.
16 TO 20 X 0. INCR 2.5 Y 7.5
_21 TO 25 X 0. INCR 2.5 Y 10. |
B n
MESH INCIDENCES
i1T™ 4 / 1TO 4 / 2 TO 5 / 7 TO 10
sTO 8 / 6TO 9 / 1 TO 4 / 7 TO 10
9T™M0112 /, 6TO 9 / 7 TO 10 / 12 TO 15
137016 / 6TO 9 /12 TO 15 / 11 TO 14
17 TO 20 /11T 14 /12 TO 15 / 17 TO 20
21 T™0 24 /11 TO 14 /17 TO 20 / 16 TO 19
25 TO 28 / 16 TO 19 / 17 TO 20 / 22 TO 25
29 TO 32 / 16 TO 19 / 22 TO 25 / 21 TO 24
ELEMENT PROPERTIES
1 to 32 TYPE 'CPT' THICKNESS 0.1
CONSTANTS
E 4320000. ALL
POISSON 0.3 ALL
LG 1660000. ALL N
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3) Boundary Conditions: The fixed boundary all around
the plate is defined by the support joint command.

SUPPORT JOINTS 1 to 5 21 to 25 6 11 16 10 15 20

4) Define Loading: For the plate bending elements, the
loading definition, joint loads and joint displacements are the
same as for the previous chapter. For the surface element load a
STRUDL command is available. Unlike the plane stress element
where an equivalent nodal point load has to be computed.

The command syntax is as follows: (See STRUDL user manual
section 7.1.4.2 for details.)

ELEMENT LOADS (type specs) (load specs)
Tist

l

I

I
OR
ELEMENT list LOADS (type specs) (load specs)

— LOCAL
SURFACE (FORCE) ‘GLOBAL
PROJECTED

type specs

load specs [PX] A [gzj Vo [PZ] V3

Vq to V3 = values of the loads components
For the present problem, the following STRUDL commands are

used to define the loading.

ELEMENT LOAD
1 TO 32 SURFACE FORCE GLOBAL PZ -0.15

—

[LOADING '"ONE' 'UNIFORM' "

5) Check input: The input data is checked with print and

plot.

6) Assemble and Solve: Once the input data is checked,
the problem can be solved using the [STIFFNESS ANALYSIS] command.

7) Print output and interpretation of results: The
results of moments, shear, displacements and reactions of the
problem can be listed with the following STRUDL command.

[LIST STRESS DISPLACEMENT REACTION ALL]
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Again, the results of stress (moment and shear) are in
terms of planar coordinates. For this case, since all element
incidences of the problem were counterclockwise, therefore, the
local or planar z coordinates coincide with the global z. Hence,
planar x and y coincide with the global x and y respectively.

Element 1

Incidence is 1 2 7:)

i
—— ——
X, Zo _Xp
Xg Zg Xg

The following are the inputs and outputs of the square
plate for patterns 'T1,' 'T2' and 'T3.'



February 1983

BRIDGE STRUDL MANUAL

J9vd

§°L A §°2 ¥INI "0 X 02 0L 91

‘6 A §°2 ¥OINI ‘0 X ST 0L 1T
§°2 A §°2 W¥OINI "0 X o1 OL 9
‘0 A §°2 ¥ONI ‘0 X § OL T

S3LVNIGH00I HS3U

ONIGN3E 31Vvid 3dAlL

$

SIN3IW3T3 AVINSNYINL 2 HLIM TL Nu3livd ¢

$

0310N1S 3dV SNAa3alivd € 40 IVIOL V ¢

$

SINIWITI AVINSHVIYUL IHL A€ $

032n00dd 39 1HOIW LVHL 133443 AdL3UWASY 3IHL MOHS 0L SI 123r€0 3HL $

$

ydg, INIWITI FVINONVLIIN GHY $

«1d2.  SIN3WITI HVINONVIY¥L SNISN ‘3ILVId 03dHVID AvNbS “T1# 3TdUVXI ¢

SHSEJ0d309 ¢ 1334 d4IM 1INN

363696 36 J6 36 26 36 J6 36 36 I 36 36 6 IEIE 26 I6 I I6 I JE JE I 36 36 36 6 3 36 I 26 26 36 36 36 36 3036 36 36 3636 36 I6 I I 2 36 36 36 36 IE 36 6 36 I I I 36 I 36 36 36 36 3 3¢

* %*
* §31449 0H90% 3Z1Is 1004 vivad *
* X
* 28/20/2 ‘45°62°LT 3UIL *
* *
* *
* §°¢ 3IsSvad S107d 1andls OLNVIH %
* §°9 3Sv3ai3dy TVNAG 10NY¥LS OLNVIW %
* 1861 ddv S°b ISV 10NYLS OLNVIH  *
* %*

636369636 3696 36 36 26 36 36 I 6 I 3 I HIIHHIEI I K I I HIN NI IHIN HINN WA N
+S1IN3WIN3 2%, +TL, 0nALs

71



February 1983

BRIDGE STRUDL MANUAL

- 39vd

02 4TI

Vivad vanionyls ANI¥d
ST°0- 2Zd 7vg019 3304 3JvANS 2€ OL 1
avol 1N3W3T3
+HU04INN, T 9NIGVOT
0T 9T TIT 9 S2 0L T¢ S 0L T SINIOr 1d0ddns
my °0000991 9
1V £°0 NOSSIOd
1y ©00002gY 3
SINVLISNOD
T°0 SS3INMNIIHL .1dd, 3dAL 22 O1L T

S3I1¥3d0dd 1IN3W3T3

b2 OL T2/ S201L 22/ 610L 91/ 2t 0L 62
§2 0L 22/ 020L LT/ 610L 91T/ 820L S2
6T OL 9T/ 0201 LT/ H1TOL TIT/ %201 T2
02 0L LT/ &1 oL 2t/ %T0OL TT/ o02OL LT
$T OL 1T/ STOL 2T/ 6 OL 9 / 91041 ¢£1
ST 0L 21/ 61 OL L / 6 OL 9 7/ 2T OL 6
6T oL L s % OL 1T +» 6 OL 9 ¢/ 8 OL §
0T oL £ 7/ § 0L 2 /7 % OL 1T /7 & OL 1

SIONIFAIONI HS3IH

0T A §°2 WM¥ONI 0 X S2 01 12

8-72



February 1983

BRIDGE STRUDL MANUAL

- 39vd

Hal
SSVYU

HNMTINON OO

ANIOr

X NI9Id0 ‘0I

Iven19 JATLIY 180ddns c°0 000°0T 000°0T
1va019 JAILOV 1d0ddns 0°0 000°01 005°¢L
v8019 JAILIV 130ddNs 0°0 000°01 000°S
vao019 JAILIV 1d0ddns 0°0 000°0T 005°2
1v8019 JATLIY 130ddNS 0°0 000°01 0°0
1va019 3ATLDV 130ddNs 0°0 005°L 000°01
1vaE019 IAILIV 0°0 005°L 005°L
vg019 JAILOV 0°0 00572 000°S
v8019 JAILIV 0°0 005°L 005°2
ve8o019 JAILIY 130ddNs 0°0 005°L 0°0
v8019 JAILIV 130ddNS 0°0 000°S 000°0T
va019 JAILIV 0°0 000°9 005°L
1v4019 JAILIY 0°0 000°S 000°9
vao19 JAILOV 0°0 000°9 005°2
vg019 JAILIVY 1d0ddns 0°0 000°9 0°0
1v8019 JAILOV 140ddNs 0°0 005°2 000°01
vE019 JAILIY 0°0 005°2 005°L
1vao019 JAILIV 0°0 005°2 000°S
vao019 JAILIV 0°0 005°2 005°2
vaoi19 JAILIY 180ddNns 0°0 0052 0°0
1v8019 JAILOV 1d30ddns 0°0 0°0 000°0T
vao19 IAILOV 130ddNs c°0 0°0 005°L
1v8019 3AILOV 130ddns 0°0 0°0 000°9
ve019 JAILIV 1d0ddns 0°o0 0°0 005°2
vg019 3AILIV 130ddns 0°0 0°0 0°0
HOILIANOD 4 A X
/=-=-SNLViIS /-~~~ mmm———- ======--831VNIQH00] INIOf
£y -] T4 “4vioy 2 A
/=~ ———- == SH3IL1SAS IINIAI4TY 3LVNIQH00D INIOr
H23%3%0633%% VIVA TVUNLINAULS 2363636366 3 3 36 3¢
aJ3s dHYd avy SdIN 1334
IHIL JANLVHIDHIL 719NV 32404 H19N37

SIN3IW3IT3 2t - 3ITLIL €Or

= SL1INN 3JAILIV

1L

- @I gor

I3 I HIHEIEINIEIEIEIE I I I I I T NI
% 39Vd01S TVNYIINI WO¥d VIVA W31908d *
FEIH N HIINIINHI NN I I H KNI I I NN

8-73



February 1983

BRIDGE STRUDL MANUAL

ZAS) ZXSJ AXSJ zvd AYD Xvd ST (2] ™
[ mm— SIN3IIII44303 NOISNVAX3 TVHY3IHL-~---- mmmmmee=/ fe=m=====SAANLVAUNI - -~ ===~ /  SSANMIIHL 3dAL AH3W33
\Illl lllll - e o e —_——————— - = o = o o o e S = s o o o o o 'Illllllllll'mWHhmmﬁomn kzmzmn_m

1d3 JATLIV e a2 61 33
1dd JAILIV €2 e et 1€
1d2 JAILIV ce €2 LT 0¢
142 JAILDV . 12 23 91 62
1d2 JATLIV s2 02 6T 82
1d2 AALILIVY v2 61 el L2
142 JAILIV £2 et L1 92
1d2 JAILIV ee LT 91 s2
1dd JAILIV 61 02 b1 v2
1d2d JAILIY 81 61 €1 €2
1d2 IAILIV LT 81 el 22
142 AAILIV 9t L1 1t 12
1dd JALLIVY 02 st H1 02
1dd JAILIV 61 b1 £T 61
143 AAILIV 8t £l [A S 81
1d2 AATLIV LT el 11 LT
1d2 JAILIV 51 ST 6 91
1d2 JATLIV €T 51 8 ST
142 JAILIY [As €T L %1
1d2 JAILIV 11 el 9 €T
1d3 JATLIV s1 0T 6 et
142 IATLIV ’ %1 [ g 11
1dd JATLIV €1 e L ot
142 IATLIVY el L 9 6
1d3 AAILIV 01 b 6 e
1dd JATLIY 6 3 2 L
1d2 JATLIV e 2 L 9
1dd JATLIV L T 9 )
1dd JAILIV 0T S b b
142 JAILIY 6 b £ 3
1dd JAILIV e 13 [ 2
1dd JALLIVY L e 1 1
S300N 1H3IN3T3

/===-=-3dAL-=~=/=====/==SNLVLIS-~/ === —m=emscesmeeeee===G3ONIAIINI 1IN3IW3T3
ZiA AR XHA Z4 AN X3 € VI3HL 2 VI3HL T Vi3HL  INH3WOW 3Ju04  INIOr
[ mmmm——m—m e —-—- --63Sv3T13y Ld0ddNS IILSVId/~--=---=--=cc=o-c=ococosoooo— -====-===538Y313Y 1HIOr

] - 39vd

8



February 1983

BRIDGE STRUDL MANUAL

1SIT ¥3gWaN

INTVA

1y

1y

v

1v

v

NIVHOQ

0°0
10+3000001°0
50+30092L1°0
£0+300099T°0

£0+30002€H°0

ANTVA QaVONVLS

39vd

001°0
00T°0
00T1°0
00T°0
00t°0
0010
00T°0
0010
00T°0
0010
001°0
00T°0
00T°0
00T°0
00T1°0
00T°0
00T°0
00T1°0
001°0
001°0
00T°0
001°0
00T°0
00T1°0
00T°0
001°0
001°0
0010
00T°0
00170
00T°0
00T°0

1d2
1d2
1dd
1dd
142
1dd
142
142
1d2
142
1d2
1d2J
142
1dd
1d2
1dd
1dd
142
1d2
1d2
1dd
142
1dd
142
1dd
1dd
1d3
142
1d2d
1d3J
1dd
1dd

v13g
£

ALISN3O __
9

3

INV1ISNOD
SINVISNOD d¥3aWaul

MmO~ OO

8-75



February 1983

BRIDGE STRUDL MANUAL

- "awa

- 39vd

- 39vd

TV SNOILIVIY IN3IWIIVIASIA SSIULS 1SIN

GNvE 32Nn03d SISATVHY SS3N44ILS

63626963 56 36 36 3936 3 HE I 36 30 2 26 DI 66 I 2 I I I H M
* 3J9V¥OLS TVYNYILNI HO¥d viva 40 GNI =
262636 3636 36 26 26 36 36 36 36 3636 36 36 JE 36 2 263636 I3 3 I I I NI 2 2

1y 00+300000£°0 NOSSIOd

8-76



February 1983

BRIDGE STRUDL MANUAL

\llll'll"'ll

2l

39vd

T0-3091506°0
£0-3220%¢2°0

=N -]
[~ =0 ~)

10-39£928%° 0~
80-3H92£66°0
10-32£2596°0-

£0-3£S9EHH8°0
£0-36£096£°0
20-3299891°0

10-308525%°0
20-3220%¢£°0
10-3091506°0

AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXW
AXH
AXH

00+3€0£T92°0~
L0-3LHTOLE "0
£0-3%0492T°0

00+359¢68£°0
00+32646L2°0
00+30H9491° 0~
00+39959291°0~

00+3.1%0£9°0
00+39¢£212°0
00+3L66LL8°0~
00+3TT299¢£° 0~

00+32955TH°0
L0-3LHT9EE "0~
00+3£0£192° 0~
00+35H2992°0~

AAH
A
ARA

AAH
AAH
AK
AAA

AAH
AAH
AAKH
AAA

AAU
AAH

AAA

AAH
AAH
AXH
AAA

00+3%0€£T92°0~
£0-3LHT9¢€° 0~
00+36H2H92°0~

T0-36990%5°0
T10-39.£.29°0
00+396909¢° 0~
£0-3624802°0

00+3£22202°0
10-3%004£9°0
00+32£9925°0~
£0-32684992°0

00+3HHTLBT 0
20-3L5T98€° 0~
00+3£0£T92° 0~
£0-3%0.921°0

HGT 23S dHvd

S1N3W3I13 ¢

XXH L 3A0N
XXH T 3GON
XXA QIOdLN3D
XXH S 3GON
XXH % 300N
XXH 0T 300N
XXA QIO¥LNID
XXH % 300N
XXH € 300N
XXH 6 300H
XXA QI0dLINID
XXH £ 300N
XXH © ¢ 3doN
XXH 8 3GON
XXA GIOHINID
KXW 2 300N
XKW T 300N
XXH 4 300N
XXA QIOHLNID

WH04INN T - 9NIGVOl

Gvy SdINM 1334 S1INN 3AILIY

£ 31IL 11 - H3804d

35636 3636026 X6 I3 3636 36 3 I I H I 6 MK K
®G3ISATVNY 1S31vl 40 SLINSIdx
263636 36 3 3 26 26 26 36 36 36 3 3 1 12632 3 2 2 IH K 6

1

e e e V2N U E 1§ |- £

8-77



February 1983

BRIDGE STRUDL MANUAL

20-36L096£°0

10-39£928% 0~
T10-3222596°0-
80-3992£66°0

10-384964¢£5° 0~
10-39964£59° 0~
10-39496L£5° 0~

T10-3%65062°0
10-3£20865°0
20-32498991°0~

T0-359T916L°0
10-3091506°0
T0-3T1£0565°0

10-3££2596°0~
10-3€22596°0~
10-3££25996°0~

10-32¢€5092° 0~
10-36596.£5°0-
20-364998891° 0

T0-35T91S4°0
10-31£0865°0
T10-3091506°0

10-3095925%°0

AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXW
AXH
AXH

AXH
AXH
AXH

AXH
AXKW
AXH

AXH
AXH
AXH

AXH

10-3%004£9°0
£0-3298552°0

10-36990%5°0
00435690920~
10-394££28°0
£0-362.802°0-

10-3299L18°0~
00+39£0£82°0-
00+35¢0£92°0~
10-3.82619°0-

00+3HT0SHT° 0~
00+3T05T8T "0~
00+3TTHHLE 0~
10-32609985°0-

00+398H58T° 0~
00+3TLTS8E°0
10-3£828H8° 0~
10-39HT1T0T1°0

10-35206%8° 0~
00+32eHEH5H°0
00+32£HEHH°0
00+3595291°0-

00+4352952€°0~
00+3920561°0
00+320668L°0
00+3TT2592° 0~

00+36T12852° 0~
10-32908£9°0
00+3508££5°0
00+3692H92°0-

00+3H51£81°0

= 39vd

AAH
AAA

AAN
AXH
AAKH
XAA

AW
AAH
AAd
AXA

AXH
AAH
AAM
AXA

AAH
AW

AAA

AR
AU
AAH
AAA

AW
AKH
AR
AAA

AAH

00+35¢£¢212°0
00+43TT2S%¢ "0~

00+399¢68¢°0
0043059L91° 0~
00+43264GL2°0
00+35995291°0

T10-3£99L18° 0~
00+39¢£0£92° 0~
00+35¢0€£82° 0~
T0-3482619°0

00+3L5H/8T1° 0~
00+3T0HTQT" 0~
00+3TTHHLE 0~
T0-3HHTT0T°0

0043612085270~
00+3500£€5°0
10-32908£9°0
00+36H2992°0~

10-35206%8° 0~
00+328HEHH°0
00+32£H€HH°0
00+3995291°0

004320529270~
€£0-30221L6°0
00+3998965°0
10-3682619°0

00+398H%81° 0~
10-3£926852°0-
00+3TLTS9%°0
T0-3951T0T°0

00+329¢HTH°0

XXH
XXA

XXH
XXHW
XXKW
XXA

XXHW
XXW
XXW
XXA

XXH
XXH
XXH
XXA

XXW
XXH
XXH
XXA

XXH
XXH
XXH
XXA

XXH
XXHW
XX
XXA

XXH
XXH
XKXH
XXA

9 300N
QIOY¥LIN3D £1

0T 3GON
6 300N
ST 300N
GIO0dLINID [

6 300N
€ 30doM
1 300N
QIOY¥LINID 1t

8 300N
L 3GON
€T 300N
AI0¥LN3D 0T

L 3GON
9 300N
2T 340N
QIOY¥LNID 6

6 300N
0T 300N
b 300N
GIOY1INID e

8 300N
6 300N
€ 300N
QI0d1H3D L

L 300N
8 340N
2 300N
GIOdLINID 9

9 300N

mmmmmme//-1N3WIT3-/

8-78



February 1983

BRIDGE STRUDL MANUAL

£0-3£9EHH8°0
20-3296891°0
£0-36L096£°0

10-3%65062°0
20-32498891° 0~
T10-3£20965°0

20-3859991°0-
20-3858891°0-
20-38%8991°0-

10-3L£59092°0~
20-3658891°0
10-36564£5°0~

10-32£5092°0-
20-36596891°0
10-36596L£5°0-

20-3848991°0-
20-3858991°0~
20-385H8891°0~

10-3965062°0
20-3259891° 0~
T0-3££096G5°0

£0-3£G€HH9°0
20-3298891°0

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH

AXH

AXUW

AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH

£0-362.802°0

00+43£22202°0
00+432£9925°0~
10-3500£L£9°0
£0-32989952°0-

00+¢3.55/81° 0~
00+3TTHHLE" 0~
00+3T05T9T "0~
T0-3HHT1T0T° 0~

00+32THHLE° 0~
00+3T£6£8T° 0~
00+3T€6£8T" 0~
10-3960985°0

00+3L05292°0~
00+3859965°0
€0-3022146°0
10-3682619°0

00+3£049292°0~
00+38H8965°0
€0-3022T46°0
10-3682619° 0~

00+32THHLE 0~
00+31£6€81°0~
00+3726581° 0~
10-3960985°0-

00¢3/L55.81° 0~
00+3TTHHLE 0~
00+3TOHTGT 0~
T0-3HHTI0T 0

00+43€22202°0
00+32£9925°0~

AAA

ARH
ARH
AAH
AARA

AR
A
AR
AAA

AAW
AAH

ARA

AAH
AMH
AAH
AXA

AW
AAH
AM
AAA

AN
AMH
AAH
ARA

AAH
AAW
AAH
AXA

AXH
AAH

0043595291°0-

00+32T%0L9°0
00+3L66LL8°0~
00+35££212°0
00+31T2S%2°0

00+3HTOSHT 0~
00+3TTHHLe 0~
00+3T0HTGT" 0~
10-3260985°0

00+32THHLe "0~
00+3TE6EBT 0~
00+3T£6£81°0-
10-3960985°0~

00+3528H£€°0~
00+320668L°0
0043920561°0
00+3TT2592°0-

00+35209H£€° 0~
00+320668L°0
00439205610
00+3T1259¢°0

00+32THHLe°0-
00+3T£6€8T°0-
00+3TE6EGT° 0~
10-3960985°0

00+35T0SHT 0~
00+3TIHHLE 0~
00+3TOHTST 0~
10-3260985°0-

00+3LT50L9°0
0043L664L5°0~

XXA

XXH
XX
XXHW
KXA

XKXH
XXH
XXH
XXA

XXH
XXHW
XXH
XXA

XXH
XXH
XXH
XXA

XXH

XXH
XXA

XXH
XXH
XXH
XXA

XXH
XXH
XX
XXA

XX
XXH

GIOHLINID

ST 300N
T 3doN
02 340N
QIOY¥LIN3D

T 309N
€1 300N
6T 300N
QIO¥LNID

€T 300N
2T 30dON
81 3GON
QIOUIN3D

2T 34oN
IT 3dON
LT 300N
QIOYLN3D

5T 300N
ST 300H
6 3a0H
QIOYINID

€1 300N
1 300N
8 3aCN
GIOHLIN3ID

2T 300N
€T 300N
4 300N
QI0d1N3D

TIT 3doN
2T 3a0N

12

0c

61

81

L1

91

ST

b1

e e 22 L E VE Y B

8-79



February 1983

BRIDGE STRUDL MANUAL

T10-3095925%°0
10-3091506°0
£0-3220582°0

10-35T918L°0
T10-3T£0965°0
10-3091506°0

10-3££5092°0~
10-364964£5°0~
20-3658991°0

T10-3£42596° 0~
10-3€42596° 0~
10-3£42596°0~

10-35ST91SL°0
T10-3091506°0
T10-3TL086S5°0

10-3965062°0
10-3£20865°0
20-3256991° 0~

10-3856485°0~
10-39596L£G5° 0~
10-395964£5°0~

10-39£928%°0-
10-32£2596° 0~
80-3992£66°0

AXH
AXW
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXHW
AXH
AXH

AXH

AXH

AXH

AXH

00+3HHTEOT 0
00+3£0£192°0-
L0-34519¢2° 0~
£0-3%0L921°0-

00+36T2852° 0~
10-32908£9°0
00+35008££5°0
00+36H2H92°0

00+35295¢£° 0~
00+3920561°0
00+¢320668L°0
00+3T12599¢°0

10-35206%8°0~
00+32£5£HH°0
00+32eH€HH°0
00+35995291°0

00+393HH8T° 0~
00+3TLTS92°0
10-3£829%9°0~
T10-39%1T0T°0-

00+35T0SHT "0~
00+310HT91°0-
00+3TTHHLE "0~
T0-3260985°0

T0-3£99.19° 0~
00+3520£82°0~
00+35£0£82° 0~
10-3.82619°0

10-36990%5°0
00+356909¢° 0~
10-394£428°0

AAH
AAH
AAH
AAA

AAH
AAH
AAH
AAA

AAW
AAH
A
AXA

AAUH
AU
AXH
AXA

AXH
AR
ARH
AAA

AXUH
AAH
AAH
AAA

004329¢H1H°0
00+3£0£192°0~
L0-3LHT9¢€° 0~
00436925920

00+398H581° 0~
10-3£829%8° 0~
00+3TLT1S82°0
T0-395TT01° 0~

00+3£05292°0~
£0-30223146°0
00+38H8965°0
T10-36982619°0-

10-35206%8°0-
00+32£HEHH°0
00+328HEHH°0
00+3595291° 0~

00+3672852°0~
00+3508££5°0
10-32908£9°0
00+36H2%92°0

00+3LHHLQ8T° 0~
00+3T0HTI8T" 0~
00+3TTHHLe "0~
10-3%5T101°0~

10-3299.18° 0~
00+35¢0£82° 0~
00+39£0€82°0~-
T0-3.82619° 0~

00+399£68%°0
00+30H9491° 0~
004326494270

XXH
XX
XXW
XXA

XXH
XXH
XXH
XXA

XXH
XXH
XXHW
XXA

XXH
XXH
XXH
XXA

XXH
XXH
XXH
XXA

XXH
XXW
XXH
XXA

XXHW
XX
XXW
XXA

XXW
XXH
XXH

02 3QON
61 30GCN
62 300N
QIOY¥LINID

61 300N
81 300N
b2 300N
GIO¥LNID

€1 3CON
L1 300N
€2 300N
aI10¥iH3D

LT 300N
91 300N
22 3aoN
QI0d1iN3D

6T 30CN
02 300N
T 300N
GIOYINID

81 300N
61 300N
€T 300N
aI0diNId

LT 300N
8T 340N
2T 300N
QIO0d1INID

91 34dCN
LT 300N
IT 300N

82

L2

92

-1

ve

€2

22

=========//-1N3HA13-/

8-80



February 1983

BRIDGE STRUDL MANUAL

/===

10-3085925%°0
20-32205£€°0
10-3091506°0

€0-3£5¢H98°0
£0-362096%°0
20-3298891°0

10-39¢928%H° 0~
80-3H92£66°0
10-32225%96° 0~

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH

AXH

00+329¢H15°0
£0-3LHT9¢8° 0~
004320219270~
00+36%2992°0

00+3LTH0L9°0
00+35££2T2°0
00+43266LL8°0~
00+3TT25%¢°0

00+359¢68¢°0
00+3264GL2°0
00+30H9291° 0~
00+3595291°0

91

- 39vd

AXH
AAW
AAH
AXA

AAH
AXH
AAH
AAA

AAH
AAH
AAH
AXA

00+3HHTE8T"0
20-3LHT9€° 0~
00+3£0£T92° 0~
£0-3%04921° 0~

00+3£22202°0
10-3500L£9°0
00+32£9925°0-
40-3288552°0-

10-36990%5°0
10-3945£228°0
00+396909¢° 0~
£0-362.802°0-

XXW
XXH
XXH
XXA

XX
XX
XXH
XXA

XXW
XXH
XXH
XXA

XXH
XXH
XXH
XXA

$2 300N
§2 3CON
61 3GON
QI0¥iN3ID

€2 300N
$2 3GON
8T 34GH
GIOYIHID

22 300N
€2 300N
4T 300N
QIOd1N3AD

Te 300N
22 300H
91 34doN
QIOyLNID

43

1t

113

62

//7-1N3H313-/

8-81



February 1983

BRIDGE STRUDL MANUAL

va019 £2
vao19 22
veo9 12
vaeol9 02
1vd019 91
vdo19 ST
vao019 11
IvEo19 01
V8019 9
veon9 ]
1vg8019 b
wvaol9 3
vgo19 e
vao19 1

INIOr

S1¥80ddNS - SIN3N3IIVIMSIA INIOM 1INVLINSIY

wvao19 42
vdE019 He
vao19 €2
ve019 22
wveo9 12
vao9 02
V8019 91
1vd019 at
vao19 1T
vani9 o1
1v8019 9
va8019 ]
vaeo019 b
vgo19 £
vg019 e
18019 T

ANIOr

Savol NOILIV3Y INIOr L¥0ddNS

0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0 ‘
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
0°0 0°0 0°0
1048 2 104 A 10d X dsIa 2 dSIa A dSIa X
/mm=mmmmmmmmme—ee—==NOILV10Y 44 -- AN3WIIVIdSIQ--~---====m===mn=/
T - 9NIQVOl
1059€£20°0 1069£20°0~ 92H2H20° 0~
H25£€ST°0 L8H1062° 1~ 8628041°T
OTETEHT O 0£86€93° 1~ 698£6865° T
§6£0252°0~ 6896811~ S1914640°0
1959460°0- 1959260° 0~ 8hLEHES 0
48510621 §25£¢£51°0- €62904T°1
689.G9¢T° 1~ b6£0L52° 0~ ST191548°0
0,86£99°1 0TETEHT O~ 68£6865° 1
0£86£98°1- 0TLTIEHT O 6982696S5° 1
689L5¢T° 1 H6£0L52°0 q191548°0
L8HT062° T~ §258££S1°0 8629041 T
19599460°0 1969L60°0 CAZARA XA )
§6£0L52°0 689L8¢T° T q191548°0 .
0TETEHT 0~ 0L86£98°1 69£6865° 1
$28££S8T1°0- L85T062°T 86200L1°1
1059¢££0°0~ 1059£20°0 92H2H20° 0~
AN3HOW 2 INIHOW A ANIHOW X 30404 Z 33804 A 30404 X
[mmm———= m===ememecee= INJHOW -~ 744 - == 32404 ————— =/
T - 9NIGVOl
WHO4INN
L1 - 39vd

T - 9NIGVO1

8-82



February 1983

BRIDGE STRUDL MANUAL

2.18000°0~ 2L18000°0 2168100°0-
2410000°0-~ T126£100°0 $868200°0-~
$1£8000°0 $128000°0 $529100°0~
1,45£100°0- 2510000°0 $869200°0-
0000000°0- 0000000°0- LL8L%00°0-
145£100°0 2510000° 0~ $868200°0-
$148000°0- $148000°0~ $$29100°0~
2510000°0 T45¢T00° 0~ 99692000~
2L18000°0 2L18000°0- 21698100°0-
104 2 104 A 104 X dsSIa 2
/ NOILvViOd i e nininiai ———
T - 9NIGVOl
0°0 0°0 0°0
0°0 0°0 0°0
104 2 104 A 104 X dsSIa 2
/=== NOILVLIO0Y-==~=m=mmmmmmmmmmen//mm e m e m
T - 9NIavOl

81 - 39vd

1va019 61
V€019 e1
vao19 L1
vao19 b1
vgo19 €T
vaol9 eI
vao19 6
w8019 e
va019 L
dsSIa A dSIa X
AN3IUIIVIDSIQ-~-~= === === ==/ ANIOr

SINIOF 3344 - SIN3IW3JVIHSIA ANIOr INVLIINS3A

Iveon9 S§¢
va019 2

dSI1a A dSIa X
ANIH3IIVIdSIQ---=~~==~ e a4 INIOr

S1¥0ddNS - SIN3IWIIVILSIA LINIOF LINVLIINSIY

8-83



February 1983

BRIDGE STRUDL MANUAL

61

- 39vd

8-84

+AVIFCLSOD, WVE90dd 31N23X3
IVANVH 10NA¥1S 40 W XION3ddY 40 (AVLIC1Sbb, WV¥90dd $

ONISS330¥d G3IZITVIIIMS 3IHL 9HISN S3INTVA 39vy3IAV TVACH IHL LINIdd $



February 1983

8-85

BRIDGE STRUDL MANUAL

00+4300482T°0 00+300LS£T1°0~ 10-35T91SL°0~ T0-3HHE£€€8° 0~ T0-359H££€08°0- LT
T10-32381%5°0 ao+uonn00H.oc 10-3££928H°0- 00+3£€£0591°0 00+3665422°0 9T
10-30¢%902°0~ 00+3299L62°0 £0-391£HH8°0 00+39¢6£62°0 00+350/8L5°0 a1
T0-3L284¢€°0~ 00+32£956T°0 20-3.820ST1°0 00+30£L552°0~ 00+3991012°0~ 51
80-35£206T°0 80-30£TIET"0 20-30598991° 0~ 00+32THHLE° 0~ 00+32THHLe°0- £1
T10-3L2825¢£°0 00+32£9561°0- 20-39820S1°0 00+30£.552°0~ 00439910120~ el
T0-30£5902°0 00+3299262°0~ £0-391£H98°0 00439£6262°0 00435094570 1t
10-3289T1H5°0- 00+39.£80T1°0 T10-32£928% 0~ 00+3££8591°0 004366544270 o1
00+30046£T°0~ 00+300449¢T°0 10-39T9164° 0~ 10-3HH2€e0° 0~ T0-3HHeee8°0- 6
00+43L£95961°0~ T10-3.282¢5°0 20-3/820S1°0 00+3991012° 0~ 00+30£LH52°0~ e
T0-39645%6° 0~ T10-396LHH6°0~ T0-35T915L°0 00+325¢T22°0~ 00+325¢122° 0~ L
20-399T48¢°0 00+3€06462°0- 10-3084925%°0 00432290120 00+3H£998¢£°0 9
0°0 0°0 0°0 0°0 0°0 ]
00+3924¢801° 0~ 10-3289TH5°0 10-32£928H° 0~ 00436694270 00+3££9591°0 b
00+3299L62°0- 10-30£%902°0 £0-39TcHH8°0 00+3%0£8.5°0 00+39£6£62°0 2
00430626270~ 20-394T4¢£°0 T10-308525%°0 00+3H£898¢°0 00+32.90T2°0 e
00+35212¢T1°0- 00+3H2T2€T°0- £0-3220%¢£°0 L0-3.%T9¢5° 0~ L0-3LHT98€° 0~ T
Vit VS 4 -XA // AXW======ffmmmm e A AU === f f === === XY = = ===~/ /-~ -AVOV - -~/ /~-~-3AON~--~//
SS3d1S TVAON 39Vd3IAY

HGT J3S d¥HV4 Qavd SdIN 1334 SLINN 3AILIOV

SIN3IW313 2f - 3TIIL T4 - W379Qad

6343636 3 3636 I 9636 36 36 3 3 36 969636 36 36 26 )62 26 3 3¢

®SISATVNY 1831V 40 SLINS3dx

3696 636 6 36 6 36 36 36 36 JE 36 3 I J6 36 KK HHHHH NN

- 39vd



February 1983

BRIDGE STRUDL MANUAL

T2

HSINIA
00+3H2T2£T°0 00+352T12¢T°0 £0-32205££°0 L0-3LHT9%E° 0~ L0-3LHT9¢€°0~ 1 a2
00+3£06L62°0 20-395T14¢E° 0~ 10-3085255°0 00+35£899£°0 00+3229012°0 T b2
00+3299L62°0 10-30£%902°0- £0-391£H%8°0 00+35048.5°0 00+39£6£62°0 : T €2
00+39L£80T1°0 T10-32881H5° 0~ 10-34£928H°0~ 00+366S5LL2°0 00+3££6591°0 1 22

g°0 0°0 0°0 0°o 0°0 1 12
20-395TL¢€°0~ 00+3£06462°0 10-308525%°0 00+3229012°0 00+35£8985°0 1 02
T0-39645%6°0 T0-396LH%6°0 T0-3GT91SL°0 00+3249£122° 0~ 00+325£122°0~ T 61
00+32£9561°0 10-3,28L¢2°0~ 20-3/820ST1°0 00+3991012° 0~ 00+30£4H52°0~ 1 81

l/==mm== === /=== ===XA =’/ AXH /7= AAU- /=== ===XXN= ===~/ /=--AqVO ~~~//~-=~-30AON-~=//
S§S3d¥d1lS TVAON 39VEIAY
- 39vd

8-86



February 1983

BRIDGE STRUDL MANUAL

- 39vd

T°0 SSINMNIIHL .1dD.

IdAL 2 01 T

$31143d408d 1N3W3I3I

G2 02 Y2 b2 £2 ST 22 22
- /02 61 6T 8T 8T LT 9T LT /7 %2 %2 €1 £2 22 22 12 91

02 02 61 $T 81 ©T LT 91
-/ ST 5T T €1 €T 21 2T 21 / I 61 8T T 2T LI 91 11

ST 0T »T
-HT ET Q2T 2L /016688 L9L/STHTI B ET T 2TITY / 9T 0L

0TO0T 6 H»88L9/GHHEE222/H968082L9T /7 8 0L

‘0T A §°2 WMONI
§°L A §°2 ¥INI
‘6 A &°2 WONI

§°2 W¥ONI

> >

§°2 dONI

9USa20d309 $

/ 28 0L s2
/ 2 0L (L1
6
1
S3ONIAIINI HSIM
‘0 X s2 0L T2
‘0 X 020L 9T
‘0 X sTOoL 11
‘0 X 0T 0L 9
‘0 X § 0oL 1
S31VYNIQU00J HS3W
ONIGN3D 31vid 3dAL
1334 dIX LINN

63696 36 6 I 36 26 3626 3636 JEIE 36 36 36 36 I J6 36 36 36 J6 36 JE 6 IE 6 I6 36 36 I 36 JE 36 J6 I I I I 36 I JE I JE I 36 36 36 3 I I FEIEIE I IEIE I 3 3 3 2 3636 36 3¢

*

* S31A8 0990¢  3ZIS 100d vivad
¥*

* 28/H0/2 “22°L2°LT 3UIL
*

*

»* §°¢ 3Sv3a3y

* §°9 3Sv3IN3d

®x 1961 ¥dVv &°H» 3ISVITAY

*

€107d 10N¥LS OLNV3IN
TVNAQ 10N¥LS OLNVIH

10N¥LS 01NVOH

X K Kk Kk XK XK XK XK K X

2636 96 36 36 36 D6 26 6 26 36 36 JE 36 36 36 J6 36 36 36 36 JE 26 36 36 36 36 2636 26 36 36 26 36 36 I6 36 36 36 36 J6 36 26 36 36 36 36 36 96 J6 3 26 36 I 36 26 3 26 36 I 36 H 36 J 2 1 3 28

+SININITI IVIINLIUHAS 2%,

121,

1andLs

8-87



February 1983

BRIDGE STRUDL MANUAL

= 39vd

viva IVENLONYLS INIAdd

G1°0- 2d 7vE079 3204 3JvdinNs 2E OL T

02 ST 0T 9T 1T 9 G2 0L T2

avol LN3W313
+HY04INN. +3NO. ONIQVO1
G 01 T SINIOr 1d0ddns
v *0000991 9
11V €£°0 NOSSIOd
1y ©00002¢% 3

S1NV1ISNOD

8-88



February 1983

BRIDGE STRUDL MANUAL

Wal
SSVU

- 39vd

v€019 JAILIVY 1340ddns 0°0 000°0T 000°01 s2
v€019 IAILIV 140ddNsS 0°0 000°0T 005°L He
vaol9 JAILIV 1340ddns 0°0 000°0T 000°S €2
qvdo19 JAILIV 130ddns 0°0 000°0T1 005°2 22
veo19 3AILIVY 130ddNS 0°0 000°01 0°0 12
vao19 JAILIVY 140ddns 0°0 00S5°L 000°0T 02
1vg019 JAILOV 0°0 00S°L 00S9°L 61
vao019 IAILIV 0°0 006°L 000°S 81
1v€019 JATLIV 0°0 ~009°L 00§°2 L1
v8019 3ATILIV 130ddNS 0°0 005°L 0°0 91
wveo019 3AILDV 1340ddnS 0°0 000°9 000°0T ST
vao19 JAILIV 0°0 000°9 005°L 51
va019 JAILIV 0°'0 000°9 000°S £l
vg8019 JAILIV 0°0 000°S 005°2 et
1vao019 JAILIV 130ddNS 0°0 000°S 0°0 11t
vdao019 3AILIV 1340ddNs 0°0 005°2 000°0T 01
v8019 3AILIV 0°0 005°2 0059°L 6
1v8019 3AILIV o°0 005°2 000°S e
vao019 IAILIV o°o 00§°2 005°2 A
va019 JATLIV 130ddns 0°0 00s°2 0°0 9
vaol9 3AILIV 1340ddNS 0°0 0°0 000°0T q
vao19 JAILOV 1340ddnS 0°0 0°0 005°L b
vE019 JAILIV 130ddns 0°0 0°'0 000°9 <
v€019 JAILIVY 1340ddNS 0°0 0°0 005°2 2
Iva019 JAILIVY 1340ddNns 0°0 0°0 0°0 1
NOILIGNOD 2 A X 1NIOr
/=-~=-SN1V1S / S31VNIQy00Jd INIOr
£ F4- | T8 °1vioy 2 A X NI9IYOo *ag1
/==== - SWILSAS 3IONIYI43IY ILVNIQYHOO0D INIOr
333 % VIVA TVUNLINYLS 233636363 ¢ 36 36 3¢

J3s HHV4 avy SdIN 1334
IWIL ANLVHIdWIL 379NV 323404 H19N31 =~ SLINN 3AILIV
SIN3INITI TVOINLIWMAS 2¢ - 3T1IL €Or 2L - a1 gor

2696962696969 IE I I IE I 36 3363 36 3636 36 36 36 36 2 I 2 I I I I KK
* 39Vd01S TVNY3ILINI HO¥4d Viva W3IT80d8d =
6636 36 36 36 9626 26 36 3336 I I I I3 3636 022K 2 3 36 3 2N HHHH W

8-89



February 1983

BRIDGE STRUDL MANUAL

ZAS) ZXS3J AXSJ Zv3 AVD Xvd 2N A ™
/=m============-GINITII44300 NOISNVdX1 TVHYIHl-~======n==c=e/ /ec=ccea=GRNLVAYNI-~~==~===/  SSINMIIHL 3dAL 1N3W3T3

Jmmmmmmmm——- - ---~83I143d0dd LH3WIT3
N\
1d2 JATLIV 62 02 42 2€
142 3ATLIV 02 61 52 1€
1d3 JAILIV H2 6t 81 og
1dd IAILIV 52 81 €2 62
1dd IALLOV €2 91 22 82
1d2 IAILOV 81 L1 22 L2
1d2 IAILIY 22 9T 12 92
1dd JATLOV 22 LT 91 62
1d2 JAILIY 02 ST 41 b2
1d2 JATLIV 02 b1 61 €2
1dd JALLIV 61 b1 8t 22
1d2 IAILIV b1 £1 81 12
1dd JAILOV 81 €T 21 02
1d2 JATLOV 81 21 L1 61
1d) JATLOV L1 21 91 et
1d2 JAILIV 91 21 11 LT
1d2 IATLIV ST 01 Y1 91
1d2 3AILOV 0t 6 1 §1
1dd ANILIV 51 6 2 H1
1dd IATLIV b1 8 €1 £1
1d2 ) 3AILIY €1 <] 21 2t
1dd JAILIV 2 L 2t 1t
1d2d IALLOV 21 9 11 0T
1d2 IATLIV 21 L 9 6
1d2 IAILIV 01 s ) -]
1d2 IATLOV ! ot b 6 L
1d2 3JAILIY 6 b 2 9
1dd IATLOV b € "] s
1dd 3JAILOV -] 3 2 b
1d2 JAILIV e 2 L €
1d2 JATLOV L 2 9 2
1d2 3AILOV 9 2 1 1
S300N IN3W313
/-==-3dAL-==~/~==~=/==GNLV1G-~/ S3JON30IONI LN3W3I13
211 AN PN ZN AN X4 € VI3HL 2 V13HL T V13HL AN3WOM 32¥04  INIOF
-==--=-~835V313Y 1Y¥0ddNS IILSVII/~=-=-=cmmmmmcccmcccceacncanneaoao=--~635Y373d INIOI

S - 39vd

8-90



February 1983

BRIDGE STRUDL MANUAL

1SI7 ¥3GHAH

aNIVA

v
1y
v
v

1y

NIVHOQ

10+300000T°0
$0+3008241°0
40+3000991°0

£0+30002¢%°0

INTVA GQUVANVLS

- 39vd

001" 0

001°0
001" 0
00T°0
0010
00T°0
00T°0
00T°0

001°0 -

00T°0
00T1°0
001°0
00T°0
00T1°0
0010
001°0
0010
00T 0
0010
001°0
0010
00T°0
00T°0
001°0
001°0
00T°0
001°0
001°0
001" 0
00T°0
00T°0
0010

1d2
1d2
1dd
142
1d2
1d2
1d2
1d2
1d2d
1d)
1dd
1d3d
1dd
1d2d
1dd
1dd
1d2d
142
1d2
1dd
1432
1dd

vi3g

310

1NV1ISNOD
=====G1NVLSNOD d3gu3u

SN TINONOO

ALISN3O_

8-91



February 1983

BRIDGE STRUDL MANUAL

1t

= 39vd

- 39vd

- 39vd

77V SNOILIVIY LIN3IWIIVIJSIA SSIULS LSII

GNVE 3JNn03d SISATVNV SS3NJAILS

FEIE I3 I3 I I I 2 I 2 IEIEIEH M I3 2 I X HHHHH NN KK
* 39VY0LS TVNYIINI HO¥4 viva 40 ON3  *
FE6I XN I3 I IEIEH I I HIIIEI I I I I NI NI H NN

1y 00+300000%°0 NOSSI0d

8-92



February 1983

£0-38820TH°0~  AXW  00+4306©22¢€°0- AAN  00+3TL988%°0-  XXW @ 3I00H

BRIDGE STRUDL MANUAL

L0-3TTILT2£°0~- AXW  00+3.89622°0 AAH T0-3090689°0 XXH b 300N
004352TEHE0- AAA £0-3500£0£°0-  XXA GIO¥INID ]
£0-305099¢°0 AXH  00+432659859°0 AAH  00438LSL6T°0 XXH € 300N
L0-3TTLT2E°0 AXWH  00+3.89622°0 AAH T0-3090689°0 XXW 2 300N
40-388L01%°0 AXH  00+43068L2€°0-  AAW  00+3TL998H°0-  XXW € 3doN
00+3%2TeHE°0- AAA  L0-3500£0€°0 XXA QGIOY¥LINID Y
10-3506€08°0 AXH  0043298£202°0- AAM  00+350£20T°0-  XXHW Z 300N
10-36429¢L°0 AXH  T0-396L9T2°0~ AAW  00+#309H28T1°0-  XXH € 300N
10-3625698°0 AXH  00+3L5TL8%°0 AAH 00+399€92£°0 XXH ¢ 300N
00+32182%2°0- AAA  TO0-3£21€485°0-  XXA QIOYINID £
10-30£5698°0 AXH  00+43G80££2°0- AAW  00+43980££2°0-  XXH Z 300N
10-30£45698°0 AXH  00+3H50955°0 A 00+43H50955°0 XXH ¢ 3aoN
10-30£5698°0 AXW  00+3H50955°0 A 004355095570 XXH 9 340N
00+321825H2°0~- AAA  00+432T92H2°0-  XXA aI0¥iN3D e
0°0 AXH 0°0 AR 0°0 XXH T 300N
0°0 AXH 0°0 AXH 0°0 XXH 9 300N
0°0 AXH 0°0 AW 0°0 XXW 2 300N
0°0 AAA | 0°0 XXA GIOYLINID T
//-1N3U3T3-/
WH04INN aNO - ONIAvOl

WGT 23S ¥HVd avy SdIN 1334 SLINN JAILIV

SIN3INITI TVOTYLIWNAS 2% - 3TLIL 21l - W3190¥d

62663636 36 226K I 2626 2 2 HHIHHH I N NN KKK
#SISATVNY 1S3LvT 40 SLINSIUx*
6363626 266 6 296 366 26 36 2623 262636 36 H I K

- 39vd

8-93



February 1983

90-389.££1°0

90-3892¢€T°0~
90-389L£€T1°0-
90-389.¢£T1° 0~

10-364288L°0
10-36429£L°0
T10-36429€L°0

£0-305099£°0
£0-388L01H°0
£0-3TTeT22°0

10-3506£08°0
T10-36259699°0
10-36128£L°0

000
(- -]

10-30£5698°0-
10-30£5698° 0~
10-30£59698°0~

10-3506€£08°0-
10-3625698°0-
10-362£29€L°0~

£0-305099¢°0~

AXW

AXH
AXH
AXH

AXH
AXH

AXH
AXKW
AXH

AXH
AXH
AXH

AXW
AXW
AXH

AXH
AXW
AXH

AXH
AXHW
AXH

AXH

BRIDGE STRUDL MANUAL

00+36H29%1° 0~
T10-3T1054£6°0-

00+32€605%° 0~
00+36H295T° 0~
00+36H2951° 0~
10-31054£6°0~

10-391091L°0-
00+399¢152° 0~
00+399£152°0-
10-3£21£55°0-

00+38L9L61°0
00+3T£988H°0~
10-3090689°0
20-3500£0%°0

00+350£20T1°0~
00+4399£92£°0

00430952810~

10-3£21£559°0-

00+3500££2°0-
00+3H509595°0
004395095570
00+321892%2° 0~

00+328€202°0~-
00+3.5TL8H°0
10-3%6.912° 0~
00432182920~

00+3265859°0

AXM
AAA

AW
AAH
AM
AAA

AAH
XMW
ARH
AAA

AU
AAH
AU
AAA

AW
AAH
AAH
AAA

AW
AXH
AAH
AAA

AAW
AAH
AAH
AAA

00+365295T1°0-
10-3105426°0

00+32£605% 0~
004365295170~
00436H29H1°0~
T10-31054£6°0~

T10-39T09TL° 0~
00+399€1592° 0~
00+399¢152° 0~
10-3£21£55°0-

00+3265859°0
00+3068.2¢°0-
0043.89622°0
00+3H2TEHE 0~

00+328€202°0~
00+3L5TL8H°0

10-3%6L912°0-
00+32182H2°0-

00+3590££2° 0~
00+3550955°0
00+3H50955°0
00+32192%2°0

00+350£20T1°0-
00+399£92£°0
00+309%281° 0~
10-3£21£65°0

00+38LGL6T1°0

XXW
XXA

XXW
XXHW
XXHW

XXH
XXHW
XXH
XXA

XXW
XXH
XXH
XXA

XXH
XXH
XXH
XXA

XXH

XXH
XXA

XXW
XXW
XXH
XXA

XXH
XXH
XXHW
XXA

XXH

¢ 300N
GIOYINID

€T 300N
@ 300N
¢TI 340N
QIOY¥LIN3D

L 300N
2T 340N
¢ 300N
QI0¥INID

IT 3dOH
2T 300N
9 3doH
QIOQYLINID

L 30CH
9 300N
2T 300N
GICYLNID

S 300N
H 3aon
0T 300N
QIO¥LIN3D

6 300N
0T 3doH
v 300N
QI0Y¥INII

6 300N
b 300N
8 300N
QIOY¥INID

£ 300N

€1

(A

1t

0T

//-1N3W13-/

8-94



February 1983

90-399/¢£1°0
90-399L££T°0
90-389.¢£1°0

T10-36.285L°0-
T10-36429¢L°0-
10-36428¢L°0~

10-3506£09°0~
T0-36429£L°0~
10-3625698° 0~

£0-305099%° 0~
L0-3TIET2E° 0~
£0-399L01%° 0~

£0-305099¢°0~
£0-3T1£T2€°0-
£0-388L0TY 0~

10-3506€08°0-
10-36429¢L°0~
10-36259698°0-

10-362429£L°0~
T10-36428%L° 0~
T10-36L295£L°0~

90-399.££T°0
90-389.¢££1°0

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXH

AXH
AXH
AXHW

AXH
AXH
AXW

AXH
AXH
AXH

AXW
AXH

T0-3105.£6°0

00+3£€605%° 0~
004365295170~
00+36H295T° 0~
T0-31054€6°0

T0-39T09TL°0~
00+399¢£152°0-
00+399£152°0~
10-3£2T1£545°0

00+350€20T°0~
00+309%281° 0~
00+399£92£°0
10-3£2T£65°0

00+38.GL61°0
10-3090689°0
00+3T.998%°0-
£0-3500£02°0-

00+38L5L6T°0
T10-3090689°0
00+3TL968H° 0~
40-3900£0£°0

00+350€201° 0~
00+309H281°0~
00+399¢£92¢£°0
10-3¢£21£55°0-

10-39T09TL° 0~
00+399¢£152° 0~
00+399€£152° 0~
10-3€21£55°0-

00+3.£605%°0-
00+36%2951°0-

AXA

AAH
AR
AAUH
AAA

AAH
AAW
AAH
AAA

AAK
AR
AM
AAA

AAH
AXH

AAA

AAH
AXH
AAH
AXA

AMH
AAW
AW
AAA

AW
AAH
AAH
AAA

AAH
AAH

10-3T0594£6°0

00+34£605%°0~
00436529510~
004369295170~
T0-3T094%6° 0~

10-391091Z° 0~
00+399£T52°0~
00+399¢£152° 0~
10-3£21£65°0~

00+328€202°0-
10-3%6.912°0~
00+3.HTL8%°0
00+32182%2 0~

00+3265959°0

00+3289622°0 .
00+306842¢°0~
00+3H21EHe "0~

004326595970
00+3£89622°0
00+3068L2¢°0~
00+3H2TEHE°0

00+3208€£202°0-
10-3%64912° 0~
00+3LHTL9%°0
00+32182%2°0

10-39T09TL° 0~
00+399¢152° 0~
00+4399£152°0~
T10-3£21£55°0

00+3.£605%°0~
004369295170~

XXA

XXH
XXH
XXH
XXA

XXH
XXH
XXH
XXA

XXH
XXH
XXH
XXA

XXW
XXH
XXH
XXA

XXH
XXH
XXH
XXA

XXH
XXW
XXH
XXA

XXW
XXH
XXH
XXA

XXW
XXH

GIO¥LINID

€T 300N
2T 3004
81 300N
QIOYINID

LT 300N
81 300N
2T 340N
QIO¥INIAD

L1 300N
2T 30dON
9T 3dON
GIO¥INID

1T 300N
91 340N
2T 3aon
aI10yiH3d

ST 300N
0T 340N
5T 300N
GIOYLNID

6 300N
T 300N
0T 34aoH
QIO¥LNID

6 3I00N
€ 300N
T 300N
QIOY¥LINID

€T 300N
51 300N

BRIDGE STRUDL MANUAL

12

0¢

61

et

L1

91

-1

»T

===//-1N3W313-/

8-95



February 1983

£0-305099¢°0~
£0-388L0TH° 0~
L0-3TT£T2£°0~

10-3506£00°0~
10-36259698° 0~
10-36420£L°0-

[-X-N-1
.
coo

10-30£5699°0-
10-30£59698°0-
10-30£59699° 0~

£0-305099€°0
£0-388L0TH°0
L0-3TTET2E 0

10-3506£0€°0
10-3629698°0
10-36429£L°0

10-36428£4°0
T10-36429¢L°0
10-36£298¢L°0

90-399L££T1° 0~
90-389L£€1°0~
90-399L£€T° 0~

AXH
AXH
AXH

AXH
AXW
AXH

AXH
AXH
AXH

AXH
AXW
AXW

AXH
AXH
AXH

AXH
AXH
AXW

AXH
AXH
AXH

AXH
AXH
AXH

00+3265959°0
00+3068L2¢° 0~
00432896220
00+352TeHe°0

00+328€£202° 0~
00+3LHTL8H°0
10-3%62912°0~
00+32182%2°0

00+3900¢€2°0-
00+3H509595°0
00+3550955°0
00+32182%2°0

00+3945L6T°0
00+3T4998H° 0~
10-3090689°0
£0-3500£02°0~

00+350£20T°0-
00+4399¢£92¢°0
00+309%28T1°0~
10-3£21£45°0

10-39T09TL° 0~
00+399¢152°0~
00+399¢152°0~
10-3£21£465°0

00+43.£605%°0-
00+36H29HT1°0~
00+36929%1°0-

AAH
AAH
AW
ARA

AW
AAH
AAH
AAA

AAH
AAH
AAH
AAA

AR
AAKH
AW
AAA

AAH
AAH
ARH
AAA

AAH
AAH
AW
AAA

AW
AAH
AAH
AXA

AW
AAH
AW

00+438LSL6T1°0
00+31£998H° 0~
10-3090689°0
20-350050£°0

00+350€£201°0-
00+399£92¢°0

00+309H281°0-
10-3£2T¢59°0-

00+3580€£2° 0~
00+3H50955°0
00+3%50955°0
00+32192H2° 0~

00+326598599°0
00+43069L2%°0~
00+3.89622°0
00+352TEHE "0

00+3268€202°0-
00+3LHTL8H°0
T10-3564912°0-
00+32182%2°0

T0-391091L°0~
00+399¢152°0~
00+399¢152°0~
10-3£21£59°0

00+32£605H°0-
00+36H29%1°0~
00436H2951°0~

XX
XXH
XXW
XXA

XXW
XXH
XXH
XXA

XXH

XXH
XXA

XXW
XXW
XXW
XXA

XXH
XXH
XXH
XXA

XXH
XXH
XXH
XXA

XXH
XXH
XXW
XXA

XXH
XXH
XXH

€2 300N
81 340N
22 340N
QIO¥1NID

LT 300N
22 300N
€1 340N
QIOYLINID

12 300N
22 300N
9T 34dON

“GIQYLINID

LT 300N
9T 3QON
22 340N
QIOY¥LINID

ST 30d0N
51 300N
02 3doN
QIOYIN3D

61 300N
02 3aON
5T 300N
0IO¥LN3D

61 300N
ST 300N
€1 300N
GIOY1INID

€T 300N
81 300N
$T  300H

BRIDGE STRUDL MANUAL

:

L2

92

a2

e

£2

e2

//-1N3U33-/

8-96



February 1983

BRIDGE STRUDL MANUAL

/e m—m e e e ——— -

91

- 39vd

[-N-N-1
.
(- - -)

T10-30£5698°0
10-30£5698°0
10-30£59699°0

10-3506£08°0
10-36428¢L°0
10-3625698°0

20-305099¢°0
20-3TILT2E°0
40-388L01%°0

AXH
AXH
AXH

AXH
AXH
AXH

AXW
AXH
AXH

AXH
AXH
AXH

00+3580££2°0~-
004395095570
00+3%509595°0
00+32182%2°0

00+320€202°0~
10-3564912° 0~
00+3.HTL8H°0
00+32182%2°0

00+3265859°0
00+3289622°0
004306942270~
00+3H2Tebs "0

AAH
AW
AAA

AXH
AW
AAW
AAA

AAUH
AAH
AAH
AAA

AAH
AAW
AMH
AAA

00+3580€£2°0~
00+3H50955°0
00+3H509455°0
00+32182H2°0

00435020170~

004309528170~
004399€92¢°0
T0-3£21£55°0

00+384G9L61°0
10-3090689°0
0043TL9688H° 0~
£0-35005£0£°0-

XXW
XXH
XXH
XXA

XXH

§2 300N
02 300N
b2 300N
QI0¥LN3D 2t

61 300N
$2 300N
02 200N
QIOYINID 1t

61 300N
81 300H
b2 300N
QIOH1H3D 0%

€2 300N
$2 300N
81 300N
QIOYLINID 62

mmmm=e=//-1N3W313-/

8-97



February 1983

BRIDGE STRUDL MANUAL

1vaon9 €2

0°0 0°0 0°0
00 0°0 00 va019 ee
0°0 0°0 0°0 va019 12
0°0 0°0 0°0 ve019 02
0°0 0°0 0°0 1va019 91
0°0 0°0 0°0 vao019 St
0°0 0°0 0°0 vaol9 1T
0°0 0°0 0°0 1v8019 h¢
0°0 0°0 0°0 vao019 9
0°0 0o°o 0°0 vgo19 ]
0°0 0°0 0°0 va019 b
0°0 0°0 0°0 va019 €
0°0 0°0 0°0 vao19 e
0°0 0°0 0°0 va019 T
104 2 104 A 104 X dsIa 2 dSIa A dSIa X

/mmmmmmmmmm e ==-=--NOIlvliOd ===t/ AN3IWIIVILSIQ-~--~~ mmmmmmmm———/ INIOr

ANO -~ OSNIQVO1 $1d0ddNS - SIN3IWIIVIASIA INIOr LINVLIINSIY
1959L60°0 1959L60°0- |yLEbE2 0 vao19 ‘52
002859%°0 0596L99H° 1~ T0£5%60° T vao19 2
0000000°0-~ TeLE989° 1~ 019592¢°1 va019 £2
002859%°0-~ 066L99%° 1~ 10£5%60°T vao19 22
19499L60° 0~ 1959L60°0~ 8hLEHE2 0 va019 12
066499%°1 002859H°0- T10£5960° T V8019 02
0§6499%° 1~ 002859%H° 0~ T0£9960° T vao19 91
T€LeH8H° 1 0000000°0~ 0T9592¢"°1 vao19 a1
TeLeH8H° 1~ 0000000°0 019592¢°1 vao19 148
066499%°1 002859%°0 T0£5%60° 1 vda019 01
0§56499H° 1~ 002899%°0 T0£5%60° T vao019 9
19599460°0 1959460°0 CLIA LA XA ] va019 s
0028459%°0 096299%°1 T0£5%60° 1 vao9 b
0000000°0 TeLe989° 1 019592¢°1 ! va019 €
002859°0- 056499%°1 T0EGH60° T vao19 2
1999L60°0- 19599460°0 ebLebee 0 1va019 1

AN3HOW 2 INIWOW A ANIHOW X 30404 2 30404 A 30804 X

[mmmmmm——— ~========= IN3WOW - 4 == 32404 -- ——————- / ANIOr

3NO - O9NIGVO] SavO1 NOILIVId LNIOr 13d0ddns

WY04INN ANO - 9NIQVO1

L1 - 39vd

8-98



February 1983

BRIDGE STRUDL MANUAL

\’lllll

et

058.000°0- 0584000°0 $08.100°0~ vaoio 61
0000000°0 q19%100°0 L£H6200°0~ wao9 e1
058£000°0 058.000°0 $08L100°0- vao019 L1
q195100°0- 0000000°0- LE96200°0- ve019 b1
0000000°0 0000000° 0~ £990500° 0~ vg019 £l
STSH100°0 0000000°0- L£H6200°0- vao19 ras
05§82000°0~ 0592000°0- $08.100°0- vao19 6
0000000°0 S15%100°0- L£56200°0- vao019 e
0582000°0 0582000°0- $08.100° 0~ vao19 L

108 2 104 A 104 X dsia z dSIa A dSIa X
—====me=====-NOILVLI0Y-~======mmmmm=cn=n=//memcmm— e mm oo —— ANIWIIVIdSIQ--~-==========m== / ANIOr

3NO - 9NIQVO1 SINIOr 3334 - SIN3IW3IIVIASIA INIOF INVLIINS3AH

0°0 0°0 0°0 va019 a2
0°0 0°0 0°0 vao19 »e

104 2z 104 A 104 X dSIa Z dSIa A dsIa X
||||||| ~====-NOILVIOQY-~======m=mmcccnnnn//mcmmn e cneeecee == INIHIIVIASIQ- -~ ~=====m======/ INIOr

INO - ONIGVO1

- 39vd

€1¥0ddNS ~ SIN3INIIVIHSIA INIOF LINVLINSIY

8-99



February 1983

BRIDGE STRUDL MANUAL

61

- 39vd

+AVLICLSED, WVH90¥d 31nJ3X3
IVANVH 10NALS 40 W XIGN3ddY 40 (AVLICLiSbb, Wvdo0ud $

ONISS3J0dd G3ZITVII3dS IHL ONISN S3ANTVA 39VHIAV TVAON IHL LINIdd $

8-100



February 1983

8-101

BRIDGE STRUDL MANUAL

00+3290651°0 00+32906%1°0- 10-3%06£09°0~ 00+3£H£251° 0~ 00+3¢He2ST1° 0~ 3aNO L1
T0-30T€SHL°0 00+3281402°0~ T0-359L%EH° 0~ 00432¢68.£2°0 00+322281°0 aNO 91
0°0 00+3H2TEHE 0 0°0 00+38LG9L61°0 00+3£658599°0 3NO St
L0-3.50H8€°0 00+305.£91°0 80-306422¢°0 00+348T.92°0~ 00+396L981°0~ 3INO b1
0°0 0°0 0°0 00+3L£605H°0~ 00+3.£605H°0~ 3INO £T
20-3TS0€5T°0 00+305.£8T1°0~ 80-3L%25£2° 0~ 00+3.81L92°0- 00+396£98T1° 0~ 3NO el
0°0 00+3H21eHE "0~ 0°0 00+38LSL6T1°0 00+3£659859°0 3NO 1t
T0-30TESHL "0~ 0043281202°0 T0-3594%E%°0- 00+32£84£2°0 00+322291°0 3aNO 0T
00+3290651°0~ 00+32906%1°0 10-3506£08°0~ 00+3£H£251°0~ 00+3gH£2ST1° 0~ 3aNO 6
00+30G2€8T°0- 80-3150£51°0 80-369%182°0~ 00+396298T1° 0~ 00+3£01L92° 0~ aNO 8
00+3290651°0- 00+32906%T7°0- 10-3506£08°0 00+3£HE2ST° 0~ 00+3£H£28T° 0~ EL D] L
10-30T£SHL°0~ 00+43.81202°0~ T0-359.5E%°0 00+32£9.£2°0 00+322201%°0 3NO 9
0°0 0°0 0°0 0°0 0°0 3aNO ]
00+3£981402°0~ 10-30TE€SHL°0 T0-359L%¢H° 0~ 00+43222981£°0 00+32£92£2°0 3aNO b
00+3521ebE "0~ 0°0 0°0 00+3£649859°0 00+38LSL6T°0 3NO £
00+3481L02°0~ T0-30TESHL° 0~ T0-359L%E%°0 00+322201£°0 00+32£0.£2°0 3aNO 2
0°0 _ 0°0 0°0 0°0 0°0 aNO 1

VARl VS el U a4 AXH 44 AU======f /=== =A== //==-Qv01===//-==3A0N-~-//

§S3d841S TVAQON 39V d3IAY

W8T 23S ¥HV4 Qavd SdIN 1334 SLINN 3AILIV
SIN3IN3T3 TVII¥L3WHAS 2§ - 3T1IL 21 - W3180u4d
FIEII6IE 262623 H I I MM K HIH NN
*SISATVNY L1S3LVT 40 SLINSIdx
3636 96 9636 36 6 96 36 36 J6 96 36 3 26 JE I HIE 36 I 26 3 3

- 39vd



February 1983

BRIDGE STRUDL MANUAL

1

00+348T402°0
00+3H21EH2°0

0043281L02°0

T0-30TE€SHL°0
00+3290651°0

00+3052£9T°0

- 39vd

HSINIAS
)
0°0 0°0 0°0 0°0 3NO a2
T10-30TESHL°0 T0-3599L%E%H°0 00+322291£°0 00+32€92£2°0 3NO Y2
0°0 0°0 00+3£650959°0 00+384SL6T1°0 3aNO £2
10-30TE€SHL° 0~ T0-35945H° 0~ 00+322201£°0 00+32£8/£2°0 3NO X
0°0 0°0 0°0 0°0 3NO 12
00+329TL02°0 T0-359L5E%H°0 00+432¢8.€2°0 .oo+w-uo~m.o 3NO 02
00+329065T°0 10-3506£08°0 00+3£H€£251°0~ 00+3¢H£2ST1°0- aNo 61
80-3T50£HT°0 80-3695182°0 00+3964£991°0- 004329129270~ 3aNO et
AA==m=mnffmmmmmef\mmm === === AXU = === ==/ /== ==== AAH~ 144 =XXH ==//=---Qv01---//--~-30A0N---//
S§S3d81S TVAON 39V IIAY

8-102



February 1983

BRIDGE STRUDL MANUAL

- 39vd

b2 oL

61 OL

1 OL

12 /7 S2
91 / 02
It /7 &t

9 7 01

oL

oL

oL

oL

e /

L1/

et /

L/

1V

T°0 SSINMIIHL . udg.

‘00002eh 3

S1NVISNOD

IddAL 91 0L I

S3I1d3d0¥d INIWATT__

02 0L 4T/ 6T 0L 9T/ 9T 0L <1

ST 0L 2T/ %1 OL 11/ 2101

oToL £ / 6 O1L 9 /7 8 OL

§ oL 2 / % 0L 1T /7 & OL

‘0T A §°2 WdONI

S°L X §°2 WMONI

‘§ A G972 MONI
§°2 A §'2 W¥ONI
‘0 A §°¢ ¥ONI

4Ws82043049 $

S3ON3IAIONI
‘0 X Sc oL
‘0 X 02 0L
‘0 X ST 0L
‘0 m 0T OL
‘0 X § 0L
S3LYNIQE00D

ONIGN3d 31Vid

1334 dIM

6

)

1

HS3H

T2

91

1t

HS3NW

3dAL

1INN

36 96 36 36 26 26 36 36 36 36 36 26 J6 36 26 36 36 3636 26 36 36 36 J6 36 36 36 26 36 I 36 36 6 I JE 36 36 I I6 36 36 I 36 36 36 I 36 36 36 36 36 6 96 I 36 I I3 2 I 2 I H H I3

1961 ddV

X K XK K K K K K XK K

§°¢ 3ISVII3d
§°9 35v3ilad
§°H 3sv3anay

S3119 0H90¢

3215 100d vivad

28/€0/2 ‘LHTOT°€T1 3UIL

S107d 10NY¥LS OLNVIU
JVYNAQ 10NdLS OLNVIN
10NdLS 0LNVIW

X % K X X XK K X X X

3636 9696 36 36 36 36 36 36 36 36 36 36 26 36 36 36 36 3626 26 36 36 36 36 36 36 36 36 36 36 J6 96 36 6 36 36 I 6 96 36 26 36 26 36 26 JE I JEIE 36 3 JE 62 J 2 2 I I I M H XN

+SININITT 9T,

2L

aanylLs

8-103



February 1983

BRIDGE STRUDL MANUAL

- 39vd

viva Ivianidndls AINIdd
§1°0- Zd 4<ﬂ°ww 323404 3JvdanNs 9T OL T

avol 1N3aW313

+HYO0JINN,  +3NO. ONIGYOT

02 ST OT 9T TIT 9 G2 OL T2 S OL T SINIOr 1¥0ddns
v ‘0000991 9

1Y £°0 NOSSIOd

8-104



February 1983

BRIDGE STRUDL MANUAL

= 39vd

Wal
SSVYH

1v¥E8019 IATLIY 140ddNs 0°0 000°0T 000°0T1 52
v8019 JATLDY 1340ddNS 0°0 000°0T 00S°L H2
vao019 JAILIV 1394dNS 0°0 000°0T1 000°S €2
1vao019 JAILIV 1¥0ddNns 0°0 000°0T1 005°2 22
vgo19 IAILIV 130ddNS 0°0 000°01 0°0 12
veol9 JAILOV 130ddns 0°0 005°¢L 000°01 02
v8019 3ATLIV 0°0 0052 00S°2 61
vagol9 JAILIV 0°0 006°L 000°9 81T
veE019 JAILOV 0°'0 006°L 006°2 L1
v8019 3AILIV 130ddNS 0°0 005°L 0°0 91
Iveo19 JAILIV 1340ddns 0°0 000°4 000°0T ST
Y8019 JAILIV 0°0 000°9 00§°L 5T
avaol9 JAILIV 0°0 000°G 000°S £T
1vao19 JAILOV 0°0 000°9 005°2 2t
avao19 IAILOV 1¥40ddNns 0°0 000°S 0°0 1t
ave019 JAILIV 1¥0ddNS , 0°0 005°2 000°0T 0T
vao19 JAILIV 0°0 00§°2 005°L 6
v8019 JAILIV 0°0 006°2 000°4 e
va019 JATLIV 0°0 006°2 00872 L
veo019 3ATILIV 130ddNs 0°0 005°2 0°0 9
vaol9 JAILIV 1340ddNs 0°0 0°0 000°0T )
ave019 JAILIV 1¥0ddns 0°0 0°0 009°L b
vgo19 3AILOV 1¥02dNs 0°0 0°0 000°S 13
1vao19 3AILIV 1¥40ddNs 0°0 0°0 005°2 2
vgao19 JAILIV 180ddNS 0°0 0°0 0°0 1
NOILIGNOD 4 A X ANIOr
/=-=-=-SNLViS / - -—- S3ILVYMNIGY00ID INIOf
1% [ Td "1vioy 2 A "X NI9I¥O *ar
/ mmmmemeesscccccsccmae—e==~ GHILISAS FONIAI43Y JLVNIQHOOI INIOF
NN NX® VIVA TVUANLONULS %2332 32636 36 3¢

23S YHY4d avy SdIN 1334
JWIL FJANLVYIdWIL 379NV 32804 H1I9N3T - S1INN 3JAILIY
SINIW3T3 91 - INLIL 80r €L - 0I dor

26396362 5 36 261936 2 16 MK I I MMM INN K
% 3J9VHOLS TVNYILINI HO¥d viva W3Id0dd »
FEH I I NI HIEIN I NI I N I I HH I I NN N

8-105



February 1983

BRIDGE STRUDL MANUAL

00T°0 Hdg b1

001°0 ddg €1

cotT'0 ddg 21

0010 ¥dg 11

001°0 udg 01

00T 0 ddg 6

00T'0 Hdg 8

00T°0 ddg L

00T°0 ddg 9

. 001°0 dg 5

00T°0 ddg b

00T°0 ddg €

001°0 Udg 2

001°0 udg 1

2482 ZX82 AXSD 2vd AV XV 2 2% ™

/==mmmmmmmmee==-GINIIJI 44300 NOISNYAXI TVHUIHL--====mmmeeene/ /femeeeeeeGIUNIVA¥ND-~~=~-===/  SSINNIIHL 3dAlL 1N3W313

P e L L L —————- et e O K- L= [0} - M NN

ddg IATLIV b2 g2 02 61 91

udg JAILIV €2 42 61 81 st

uda JATLOV 22 £2 8T L1 T

udg IAILIV 12 22 L1 91 €1

ddg 3ATLOV 61 02 st 1 21

dda IAILOV ot 61 b1 €1 11

idg 3AILOV A 21 £T 2t 0t

dda 3IAILOV 91 L1 21 11 6

udg 3AILOV b1 st 0T 6 -]

ddg JAILOV €1 »1 6 e L

ddgq IATLOV 21 €T ] L 9

ddg JATLIV 11 2t 2 9 s

idg JATLIV 6 0T -] b 4

ddg JAILOY 8 6 b € €

ddg JAILOV L e € 2 2

¥dg JAILOY 9 L 2 1 T

S300N SUNEIRERE]

/--=-3dALl==~=/=====/==GSNLIV1G-~/ —-— - -_— ~-~-G3INIATINI IN3IW313

WA AW XWA rZ)] AdN X4AN € VI3IHL 2 V13HL T Vi3HL  1N3HOW 32804  INIOr

/=== ~————— —m———— ——emem====83GV313Y L¥OddNS IILSVIA/-m~=m-mmmmemcmann -~ $3sv3138 AINIOr
s - 39vd

8-106



February 1983

BRIDGE STRUDL MANUAL

\ll'l

1TV SNOILOVIY IN3IWIIVIdSIA SS3ALS LSIT

GNVd 30N038 SISATVNY SS3ANJJILS

2636969636 3 20636 I 263626 23636 3 HIIE I NI NI IIFIHAH KN
% J9VY¥0LS TTVNMIINI WO¥d4 V1IVG 40 ONI %
263636366 36 6 2636 36 3 36 36 3 336 36 36 I J I HIHIEN I I I3 % 3K

v
1y
1v
Iy
v

v

1SI7 ¥3aW3H INTVA HIVWOQ

00+300000£°0 NOSSIO0d
0°0 vi3gd
104300000170 12
$0+30082L1°0 ALISN3Q
20+3000991°0 9
£0+300025°0 E]

INTVA G¥VONVLS  LNVLISNOD
-~-------S1INV1SNOD ¥38W3aN

= 39vd

001°0 4dqg 91
00T°0 ddg

8-107



February 1983

BRIDGE STRUDL MANUAL

©0-3208T128°H- AA 20-3T08T28 v~ XA 20-3H62819°6  AXH T0-32208246°T- AAH T0-3%8£0925°TI- XXM L 300N
T0-36G659T°T  AA  T0-32H2eiH Y- XA 20-32G6LHH9°G- AXH T0-36€€2%T°2  AAN  TO-32£TIHT L XXM 1T 3a0N
20-3££0465°9- AA T0-32h2elH b~ XA 20-3212890°T  AXH T0-39T9%6%°2- AAH T0-38G668L°2- XXH ¢T 300N
20-3€€8L6S° 9~ AA T10-3868899°2- XA T0-39€2T9T°T AXW T0-3STE€THG T~ AAH T0-3TT22LG°T- XXW £ 3QON
T0-369859T°T AN T10-38698Y9°2- XA 20-396£648°H AXH T0-3€96£92°T AAH T0-364H922'H XXM 9 300H
10-3942999°2- AA 10-3992999°2 XA T10-3H£6092°T- AXW T0-39956989°T~ AAH T0-3L6HG8G° T~ XX 6 300N
T10-3265069°T AA T10-3952999°¢ XA 20-3061980°2- AXH T0-3£H6492°T AAM T10-3649H92C°H XXM 0T 3CON
T0-3269069°T AA T0-3265069°T- XA 20-36£68¢H°8  AXH 0°0 AW 0°0  XXMW S 300N
T0-3952999°2~ AA 10-3265069°'T- XA 20-3£02580°2- AXW T0-3H8H922°b  AAM T0-365%6492°T XXM % 300N
T0-39H2€LH°H~- AA 20-3084£85°9 XA 20-31€2860°T- AXW T0-30966GL°2- AAM T0-32T9%6H°2- XXW ¢ 300N
T0-3£098%9°2- AA 20-30844989°9 XA T0-38E2T9T T~ AXW T0-3222248°T- AAH T0-322eTHhG T~ XXH 6 300N
T10-3209859°2- AA T0-369859T°T- XA 20-390%648°H- AXW T0-3968%922°H  AAM T0-3956£92°T  XXW b 300N
T0-39H2ELH°H- AA  T0-36S9S9T°T- XA 20-3b6LiHH9°G AXH TO0-30HTIHTZL  AAW  T0-3THe2HT'2 XXM € 300N
10-39658H9°2~ AA 20-3££9/8G°9- XA T0-39€2T9T°T  AXW TO0-3TT22LS°T- AAM TO0-3STETHG T- XXW Z 300N
T0-32H2€Lb°H= AA 20-32€9L985°9- XA 20-32€2880°T  AXW T10-38G66SL°2~ AAH T0-3ST9b6H°2- XXH @ 300N
T0-32H2ELH°H- AA T0-36G899T°T XA 20-3I9%LHH9°5- AXH TO-F2ETTHTL  AAW T0-36££2HT2 XXM £ 300N
T0-386498H9°2- AA T0-36G859T1°T XA 20-300H648°%  AXW T0-364H922°H  AAM T0-3£H6492°T XXM 2 3GON
T0-3685069°T AA T10-36%2999°2- XA 20-3602580°2  AXW TO0-38H6492°T  AAWM T0-314H922°H XXM 9 300N
T0-3T162999°2~ AA T0-369%2999°2- XA T0-3H£6092°T AXW T10-319H585° T~ AAW T0-36HHG985° T~ XXH L 300
T0-3162999°2- AA T10-306G069°'T XA 20-3602680°2 AXH T0-364%922°H  AAW T0-3EH6492°T  XXH ¢ 3GON
T0-3685069°T AA T10-3065069°T XA 20-36£68£H°8- AXH 0°0 AAM 0°0  XXW T 300N
——— ==//=-1N3N313-/
HY04INN 3NO - ONIAQvOl

1T

- 39vd

W81 23S ¥Hvd Qavy SdIN 1334

SIN3W3AT3 9T - 31LIL

SL1INN 3AILOY

£1 - H3lCoud

36363636 3 363020 K96 63636 H K6 266 236 3 2 2 HH %
®¥SISATYNY 1831v1 JO SLINS3 A=
FEIEI NI JIEHH NI I I KKK H K

8-108



February 1983

BRIDGE STRUDL MANUAL

T0-320985%9°2 XA T0-36S859T° T~ XA 20-36056/9°H  AXW T0-398%922°H6  AAW T0-35H6/92°T  XXH
T0-3209259°2  AA 20-3464.85°9 XA T0-30£2T9T°T  AXM T0-38T22LG°'T- AAH T0-3T2LTIHS 1~ XXM
T0-39%28L9°H  AA  20-3L64.89°9 XA 20-3422880°T  AXM T0-3£966SL°2- AAM T0-32T9%6bH°2- XXHW
10-32098%9°2 AA T0-309999T°T XA 20-320H648°H- AXH T0-318%922°H  AAM T0-3¢H6/92°T XXM
T0-3HH284b°H  AA T0-3096S9T°T XA 20-3HHLHH9°G  AXH TO0-32€TTHT'L  AAH  T0-3THE2HT 2 XXH
10-3HH2eLH°H AN 20-3L28L85°9- XA 20-3222880°T- AXW T0-3IG966SL°2- AAM T0-3L19%6H°2- XXM
10-3209859°2  AA  20-322848G°9- XA T0-3L£2T9T°T~ AXW TO0-3LT22LS°T- AAH TO0-38TIEIHS T~ XXW
T0-32659069° T~ AA T0-3265069°T XA 20-36£68eH°8  AXHW 0°0 A 0°0  XXW
10-3862999°2 AA T10-3265069°T XA 20-3061580°2~ AXW T0-398H922°H  AAH T0-35%6492°'T  XXH
T0-3852999°2 AA 10-39592999°2- XA T0-39£6092° T~ AXH TO0-369HS8S° T~ AAW T0-346H589 1~ XXW
T0-32645069°T- AA T10-3992999°2- XA 20-3002580°2- AXH TO0-38H6192°T AAW T0-3b8H922°H  XXHW
20-3894£89°9 AA T0-34098%9°2 XA TO0-3LL2T9T'T  AXHW TO0-3H3€THS T~ AAM T0-322224G°1- XXHW
T0-3698599T° T~ AA T0-34098%9°2 XA 20-360H648°H  AXW T0-39%6492°T AAH 10-398H922°6 XXM
T0-36498G99T 1~ AA T0-32H28i%°H XA 20-30HLHH9°G- AXW TO0-3THE2HT'2  AAH T0-3S£TTHT°L  XXW
20-3894485°9 AA T0-32h2eib’v XA 20-30£2860°T  AXW TO0-3019%6H°2- AAW T0-3£966SL°2- XXH
T0-38%02HT°T _AA 20-3HI8T28°H XA 20-3TELS88°2  AXW T0-391&HL2°2- AAM T0-3£268H£°2- XXH
20-3£6/128°Y  AA 20-3H1I8128°Hb XA 20-300£8T9°6  AXH T0-3H20825°T~ AAW T0-3HL0825°T- XXH
20-3£64128°H AN T0-30502%T°T XA 20-302£699°2  AXW T10-30269b%%°2- AAM T0-321£HL2°2- XXW
T0-38H025T°T AA T0-30502%T°T XA 20-30H9.H8°€~ AXH TO0-399HL9T1°H~ AAW TO0-38HHL9T ' H- XXH
20-3EH2T28°H  AA  20-3T28128°H- XA 20-300£8T19°6~ AXW T0-3090825°T~ AAW T0-3£L0829°T- XXW
T0-355025T°T  AA  20-3T2QT128°H- XA 20-3TE££G88°2- AXH T0-3T2eHl2°2- AAH T0-3L268bL 2~ XXH
T0-3H502H5T°T  AA  T0-32602HT°T1- XA 20-3LE9.H8°f  AXH TO0-3THHLGT b~ AAW TO0-3TSHL9T v~ XKW
20-3¢HLT28°Y AA  T0-32502HT°T- XA 20-31££4988°2- AXW T0-3HT68HE°2~ AAW T0-380€HL2°2- XXH
T0-368999T° T~ AA 10-35098H59°2- XA 20-39066.8°H~- AXH T0-39H6£92°T AAH T0-398H922°H XXM
20-3994485°9 AA T10-39098%9°2- XA T0-38€2T9T T~ AXW T0-322£THSG°T- AAH T0-36T2245°T- XXW
20-3684£89°9  AA  T0-39H2¢Lb°H~ XA 20-3T£2880° T~ AXH T0-32T9H6H°2- AAM T0-30966SL°2- XXH
T0-36G8S9T° T~ AA T0-39H2elH b= XA 20-3HbHLHH9°S AXH  TO0-3THESHT'2S  AAW  TO-30HTIHT L XXM
20-3£€8286°9~ AA T0-39H2¢Lb°H XA 20-30228Q0°T- AXN TO0-3LT9H6H°2- AAM T0-359668L°2- XX
T0-3T98G9T°T AN T0-39b2elb"H XA 20-3HG8LHH9°S  AXH T0-326£25T°2  AAH  TO-3SETIHT L  XXH
T0-3T98S99T°T AA T0-32098%9°2 XA 20-396%648°H- AXH T0-32%6492°T AAMH T0-318H922°H  XXW
20-3££8£85°9~ AA 10-32098%9°2 XA T0-3L%2T19T I~ AXd TO0-38TLTIHS'I- AAM T0-38T22LS°1- XXM
T0-38H025T°T- AA T0-32£025T°T XA 20-3829468°€  AXH T0-39HHL9T1 b= AAH T0-3£EHL9T H- XXM
20-3%96128 b~ AA T0-32€02HT°T XA 20-3THEG88°2~ AXW TO0-3TH68%L°2- AAM T0-3beebl2 2~ XXU
20-3596128 Y~ AA 20-3608128°H XA 20-32T£8T9°6~ AXH T0-3090828°T~- AAW T0-3H20925°1- XXH
10-38502HT° T~ AA 20-3608T128°H XA 20-3HbH£688°2~ AXW T0-360£H22°2- AAM TO-3LT68bE 2~ XXHW
20-3209T128°H- AA T0-3H502HT°T- XA 20-3H2£588°2  AXW T0-32268H£°2- AAH T0-30TeHl2°2- XXW
10-355025T T~ AA T0-3H502HT T~ XA 20-35H9L68°€- AXH TO0-3¢GHL9T°H= AAH T0-3€SHL9T b= XX
T0-35902HT T~ AA 20-3T08T28°H- XA -20-3.28998°2  AXW TO0-3TIELHL2°2- AAM T0-3T268HE°2- XXW
eI - 39vd

$T 300N
ST 3doN
0T 3daoN
6 300N

€T 3CON
5T 300N
6 340N
€ 30aON

2l 30CN
€T 300N
8 300N

........ --=//-1N3u313-/

ST

51

¢T

el

1t

0T

8-109



February 1983

BRIDGE STRUDL MANUAL

10-3852999°2
10-3165069° 1~
10-3165069° 1~
10-3852999°2

10-3952¢LH°H

\ll.l.l'l.l.l'll.l.llnn.lllll

€1

AN T0-3265069°T- XA
AN T0-3265069°T- XA
AA 10-39592999°2 XA
AN T0-3952999°2 XA
AN T0-36G9999T° T~ XA
= 39vd

20-3H124680°2
20-3££68EH° 9~
20-3£025980°2
10-35£6092°T

20-3HbHLHH9° G-

AXH
AXH
AXH
AXH

AXW

10-3H89922°%
0°0

T0-3£96L92°T

10-3095599S°1-

T0-39€TTHT L

AAH
AAH
AAH
AAH

AR

T0-3596492°1

0°0
T0-318%9¢2"H
T10-3£6H585° 1~

T0-3THeehT 2

XXW
XXW
XXW
XXKW

XXH

€2

30CN
300N
300N
300N

300N

91

=======//-1N3IHI13~/

8-110



February 1983

BRIDGE STRUDL MANUAL

A

loy z
/-m=mmmmmmmmmoeame==NOTLV1OY--

IN3WOW 2

- 39vd

==== 1N3WOW

* e e s

.

« o e e .
0000000000000

0000000000000
.

104 A

a%20512°0
62HLTL0°0
§000000°0
22HLTL0° 0~
HH20v12° 0~
L194L12°1
L196L12° 1~
6L65918°T
6469918° 1~
L198LT12° 1
L19GL12 1~
HH20412°0
92HLTL0°0
1000000°0
G2HLTLO0° 0~
q920512° 0~

INIHOW A

0°0 0°0 vS019 £2
0°0 0°0 Ivgao19 X
(] 0°0 ve019 12
0'0 0°0 1vao19 02
0°0 0°0 Ive019 91
0°0 0°0 v4d019 St
0'0 0°0 1ve019 11
0°0 0°0 v4g019 0T
0°0 0°0 vE019 9
0°0 0°0 vg019 -]
0°0 0°0 wve019 b
0°0 0°0 vdo019 €
0°0 0°0 ve019 2
0°0 0°0 va019 1

104 X dsig z dSIQ A dSIa X
- ==IN3NIIVIdSIQ-~=======~ m————— / ANIOr

3INO - 9NIQVOl S1d0ddNS - SIN3INIIVIASIC ANIOF INVLIINSIY

SH20%12° 0~ 629265170 1vao19 -1
L19SLT12° 1~ 6265%200°1 vdo19 b2
6L6G918° 1~ 090£56S°1 va8019 €2
L19S8L12° 1~ 625%200°1 vao19 22
SH20%12° 0~ 0£8£65T°0 vdo79 12
GSHLTL070- 6159200°T vE019 02
§2HL1L0°0- 6259200°1 vao19 91
1000000°0 0904565° 1 va019 at
1000000°0 0904596S°1 1va019 1t
L2HLTL0°0 625%200°T vao19 0T
L2HLTL0°0 625%200°1 ' vao19 9
SH20512°0 0£8£6H1°0 avao9 ]
LT9G6L12°T 625%200°1 1vgo19 b
6L65918°1 690456571 1va019 €
LT9SLTIZ T 6259200°T vao19 2
§520512°0 0£9¢651°0 1vao19 T

ANIHOW X 20404 2 30804 A 32404 X
memmmmeemmemmee/ /o ———— m======--= 3QU0d -mmmmmmmmmmmmmmmeeee/ ANTIOr

INO - ONIGVOl SAvOT NOILJV3Y INIOf 1d0ddns

HYO4INN 3NO - 9NIGVO1

8-111



February 1983

BRIDGE STRUDL MANUAL

1056000°0- 1095000°0 9%06T100°0- vao19 61
0000000°0-~ 6LG95100°0 98L12£00°0~- 1vgo19 o1
10556000°0 1056000°0 950610070~ vao19 LT
6,55100°0- 0000000°0 9841£00°0- vao19 b1
0000000°0~ 0000000°0 012€500°0- vao19 €1
6.4959T00°0 0000000°0 93L1£00° 0~ Tvgo19 el
1056000°0~ 1056000°0- 9506100° 0~ v8019 6
0000000°0 6LSST100°0~ 98L1£00° 0~ vao019 e
1056000°0 1056000°0- 9906100°0~ vao19 L
104 2 104 A 104 X dSIa z dSIa A dSIg X
Y (03 8 A A o L B Gtk --=-=====1N3H3JIVIdSIq-~---~ mmmmmmm——— --/ INIOr
INO - 9NIQVOl SINIOr 3334 - SINIWIIVIASIA INIOr INVLINS3Y
0°0 0°0 0°0 wva019 a2
0°0 0°0 0°0 vdo19 He
104 2 104 A 104 X ds1a 2 dSIa A dsSIa X
/=========mcmecee-=-NOILVIOY=-~~=~~ ===t/ —======-===]1N3IH3IVIdSIQ~~~=~=-======m===/ INIOr
3aNO - 9NIGvOl S1¥0ddNS - SAIN3INIIVIASIA INIOr INVLIINS3IH
St - 39vd

8-112



February 1983

BRIDGE STRUDL MANUAL

91

~ 39vd

+AVLICLSHY, WYyo0dd 31nJ33X3
TVANYH T0NY¥LS 40 W XIGN3IddY 40 ,AVLCLSbb., Wvdsodd ¢

ONISS330dd Q3ZITVIJAdS IHL ONISN S3NTVA 3IOVA3AY TVAQON IHL INIdd $

8-113



February 1983

8-114

BRIDGE STRUDL MANUAL

00+3G6£T9T°0 00+396£T91°0- 00+3T€9¢T1T° 0~ 00+43L/95981° 0~ 00+32L9SST°0- 3aNO LT
004322825170~ 00+3£5.592°0~ 10-30€29%£°0~ 00+3962921°0 00+36H922%°0 3aNO 91
90-3588521°0 0043H2ELHH°0 £0-35%9989°0 00+35£2HT2°0 00+3£TTIHTL O 3NO ST
90-3£60565°0~ 00+3592092°0 80-30¢L£99°0- 00+43LLT2H2° 0~ 00+351L152°0~ 3aNO 1
90-3598802°0~ 90-386£609°0~ 20-3TT656%°0~ 00+35%L91H°0- 00+39%.91H° 0~ 3aNo €1
90-3859%L2° 0~ 00+3592082°0~ L0-326LH2L° 0~ 00+3L.12H2°0~ 00+3£TLTS2°0~ 3INO 2T
£0-3586H15°0 00+3H3¢LHH° 0~ £0-3045T8E° 0~ 00+3b€2512°0 00+3HTIHTIL O 3aND 11
00+43£202H1°0 00+¢3€H2992°0 10-36228%£°0~ 004346249210 00+38H922%°0 aN0 0T
00+396£T9T° 0~ 00+396£T9T°0 00+3T£9£TT° 0~ 00+3949951°0~ 00+3LL958ST° 0~ 3NO 6
00+3594082°0~ 90-309STIT 0~ L0-3LT96T1H 0~ 00+3£TLTS2 0~ 00+3LLT2H2° 0~ 3aNO e
00+3G6E£T9T° 0~ 00+356£T9T° 0~ 00+3T£9¢TIT 0 00+39L9981° 0~ 00+39.959S1°0~ B L
00432292HT1°0 00+32H£592° 0~ 10-30£28%£°0 00+356L921°0 00+38H922%°0 aNO 9
00+3650691°0 00+365069T1°0- 10-3568¢48°0 0°0 0°0 3NO ]
00+3£H2592°0~ 00+3£202H1° 0~ T10-30£28%£°0~ 00436992250 00+356L921°0 3NO b
00+352¢LHH° 0~ £0-3986%15°0 [0-362629L°0~ 00+3HTTIHTIL O 00+3H£2HT12°0 3NO £
00+32H.5992° 0~ 00+3£292HT°0 T0-30£28%£°0 00+3899225°0 00+356L921°0 aNO 2
00+3650691°0 00+3650691°0 T0-3568€%8° 0~ . 0°o 0°0 3aNO T
l/====m= k=== mnyfmmmmme X\ mnnf fmmmm = f YW fmmmmmm A AU = e mm f ) m = e e KXW m e /=== QVO = -~/ /=== 3AON=~~//

S§S3d¥1LS TVAON 3I9VYHIAY

HE1 23S d¥Hvd Qavd SJIM 1333 SLINN 3AILIY
SINIW3ITI 9T - ILIL €1 - W3T190ud
FEHIE I NI NI WK N H MK INR
*SISATYNY 1S3LV1 40 SLINS3dx
FEH3 I NI IH NI IR N K

- 39vd



BRIDGE STRUDL MANUAL February 1983

BLANK PAGE

8-115



BRIDGE STRUDL MANUAL February 1983

BLANK PAGE

8-116



BRIDGE STRUDL MANUAL . February 1983

BLANK PAGE

8-117



BRIDGE STRUDL MANUAL February 1983

BLANK PAGE

8-118



BRIDGE STRUDL MANUAL February 1983

Discussion of Results

pue to the symmetries of the geometry and loading, the
normal displacement (Zp) at joints 7, 9, 17 and 19 should be all
equal. Table 8.9.3.1 presents the displacement normal to the

plane of the plate for joints 7, 9, 17 and 19 for patterns 'T1,'
'T2' and 'T3.'

Table 8.9.3.1

Joint 'T1! ‘T2 'T3"
(Ft.) (Ft.) (Ft.)
7 0.0018912 0.0017805 0.0019046
9 0.0016244 0.0017805 0.0019046
17 0.0016244 0.0017805 0.0019046
19 0.0018912 0.0017805 0.0019046

The results of pattern 'T1' are not really symmetrical.
This is because the pattern 'T1' accumulates asymmetries along the
diagonal of the plate. This explains the equal displacement of
joint 7 and 9, and joint 9 with joint 17. Meanwhile, pattern 'T2'
gives symmetrical results since the element asymmetries cancelled
one another as illustrated in the discretization pattern. The
results of pattern 'T3,' using the rectangular elements 'BPR,'
clearly illustrate the asymmetry effect is only inherent to the
triangular element.

8.9.4 Specialized Processing Program 'QQSTJTAV'

There is a special postprocessing feature that is
available in STRUDL to compute the average nodal stresses (moment
and shear) results for the 'CPT' and 'BPR' plate bending elements.
The detailed description of this command is explained in the
STRUDL user manual appendix Section M.
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Suppose that the nodal average of Mgy at joipt 12 of
pattern 'T3' is needed. The Myx at joint 12 is contributed by
elements 5, 6, 9 and 10.

,———- Element
12 12
N Joint

12 12

® ®

Generally, the average nodal value is obtained by the sum
of the element result divided by the total number of elements
connected to the joints.

In this case (for the 'T1' pattern)

ﬂ]
® } *
12 12
-0.276 -0.227 M = -0.276-0.276-0.2
*Xeq2 * 3
-0.276 -0.227
'4 t'z@ = -0.252 K-Ft
Ft
The STRUDL command
[EXECUTE PROGRAM 'QQSTJTAV']
would produce the same result at joint 12, Mgy = -0.252 as

shown above. This simple command can greatly simplify the tedious
nodal average computations.
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8.9.5 Boundary Conditions:

If the geometry and the loading produce symmetric
responses, the user should make use of this behavior to minimize
the size of the problem.

The square clamped plate under uniform load can be reduced
to 1/4 of the plate.

lines of symmetries

i L

V% /

//__ 4 On the line of symmetry the
/] / following boundary conditions
/] | L/ exist.

/

77777

- no twisting (torsional) moment

- no transverse shear force
- no normal rotation

If the 'T3' pattern is the quarter plate (the upper right
hand corner)

Y
. Fixed
21l 22 23 24 25
Shear F, = o 1 16 20
Twist My = ¢ 1 15 ¥ Fixed
Rot., y =0 s 10
. =x
I 2 3 4 5
L v —
Shear F, = ¢
Twist MY =0
Rot. x = 0

The following STRUDL commands can be used to describe the
boundary conditions of the plate.

SUPPORT JOINTS 1 TO 5 21 TO 25 6 11 16 10 15 20
JOINT 2 3 4 RELEASE FORCE Z MOMENT Y

JOINT 6 11 16 RELEASE FORCE Z MOMENT X

JOINT 1 RELEASE FORCE 2
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Notice that at joint 1, only the force z is released.
This is because along line 1-5 rotation x equals zero and along
line 1 to 21 rotation y equals zero. Hence, at joint 1 there is
no rotation x and rotation y. On the other hand, the moment
restriction along line 1 to 5 is no twist moment y; this means
rotation y is free (released), also along line 1 to 21 is no twist
moment x or rotation x is released. Hence, at joint 1 due to the
moment restriction the rot. y and rot. x are released. There is a
contradiction here. However, because STRUDL uses displacement as
its primary unknown of formulation; hence, the displacement
boundary conditions (i.e., no rotation x and rotation y) must be
satisfied first.

8.9.5 Example of a Skew Slab Bridge under Dead Load

For the given simple span skew slab bridge shown in Figure
8.9.5.1, find:

- maximum moment (M.) and deflection (W,) at the
center of the slab.

- maximum moment (Mq) and deflection (W) at the
center free edge of the slab.

Ys d
Free
- ,
Simply supported — ’
. ./w°1 MO 25'
60° Simply supported
-‘\\ Free
Q Wl ) MI ’/
. XG

= = E =
E = 432,000 K/Ft2 G = VIGE AN 180,000 KSF
N = 0 L ] 2
h = 9"

DL = 0.15 K/Ft2
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8.10 HYBRID (SHELL) ELEMENTS

If a thin plate is subjected to both in-plane and bending
displacement and/or loading, then a hybrid element must be used.
The STRUDL command of TYPE PLATE specifies this kind of element.

The hybrid element is a linear superposition of plane
stress and plate bending elements. Therefore, the in-plane and
bending effects are uncoupled.

There are currently three types of hybrid elements
available in the STRUDL library. These are the 'SBCT,' the
'PBCT2' and the 'PBSQ2' elements. The 'SBCT' is a triangular
element and has 5 degrees of freedom (U¢, Uy, U3, Uyg and Usg)

per node. This element is made up of a superposition of the plane
stress 'CSTG' and the plate bending 'CPT' elements. The 'PBST2'
element is also a triangular element but it has 6 degrees of
freedom (U4q, Uy, U3, Uy, Us and Ug) per node. The normal
rotation, Ug, in this element is defined arbitrarily as the
product of 10~3 times the smallest diagonal stiffness term.

This additional degree of freedom is added for numerical stability
only. The 'PBSQ2' is a quadrilateral element which is for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>